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INTRODUCTION 

In overpopulated areas, like Puerto Rico, which in addition is charac- 
terized by scarcity of natural resources and a strictly agricultural economy, 
it is very essential that the minds of the governmental officers responsible 
to the people be constantly in action searching for practicable ideas and 
programs which may help to relieve the tremendous pressure of the popu- 
lation over the scanty resources. Otherwise, the only logical result to ex- 
pect is a chronic and increasingly low standard of living together with all 
other economic and social problems naturally tied to it. The final ex- 
pectation, therefore, can be nothing else but complete ruin and disaster. 
Fortunatety^ the people who have the responsibility of the present govern- 
ment of Puerto Rico have been always conscious of this fact and are trying 
by all possible means to make the best use of the existing resources in an 


N 



attempt to face the problem intelligently so as to raise to the maximum 
possible level the standard of living of the population. 

According to the above-mentioned governmental policy, proper direc- 
tives have been issued to all agencies and institutions which in one way 
or the other may give a hand to alleviate the situation. In the year 1941“ 
42, the government directed all agricultural and other related agencies to 
integrate their efforts in an attempt to delineate action-plans which may 
contribute effectively to increase the productivity of the land. One of the 
first things considered was the development of the Lajas Valley located at 
the Southwestern part of the Island. 

The Laias Valley region, including its surroundings, comprises around 
100,000 acres which extend from the municipality of Yauco to the south- 
western tip in the municipality of Cabo Rojo (figure 1). As will be de- 
scribed lately this is a very fertile but dry region which, if properly de- 
veloped, could be made one of the most important agricultural areas in 
Puerto Rico. For this purpose a committee named the Lajas Valley Com- 
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mittee, was officially created. Its main objective was to coordinate govern- 
mental action in such a way as to arrive at the most effective and prac- 
ticable plan for the development of this area. 

The first problem encountered by this committee was the lack of reliable 
information on which to base a scientific development plan for the area. 
The immediate task, therefore, was to look for the lacking information. 
Consequently, the first step taken was the preparation of a very inclusive 
outline of the needed information regarding all social, economic, and other 
technical aspects involved. The responsibility of gathering the infor- 
mation was given to the different agencies which were thought to be best 
suited for each purpose. The studies concerning the economic classifi- 
cation and use of the land as well as those related to the farm management 
problems of the area, were considered to be of paramount importance. The 
Department of Agricultural Economics of the University of Puerto Rico 
was made responsible for these phases of the general study. 

As indicated above, the general objective of this report is to provide the 
Lajas Valley Committee with the necessary information regarding the 
classification, use and management of the lands in Southwestern Puerto 
Rico. Besides this general purpose there are other specific ones which are 
to be pointed out later in the discussion of the objectives of each main 
aspect of our study. 


DESCRIPTION OP THE AREA 

Social Background 

Population^ 

The Lajas Valley area in Southwestern Puerto Rico includes the entire 
population of the municipalities of Lajas and Guanica, about half the rural 
population of Cabo Rojo, and about a third of the rural population of 
Sabana Grande- In 1940 the population of the area was 42,748, of which 
34 per cent lived in Lajas municipality, 30 per cent each in Guanica and 
Gabo Rojo, and 6 per cent in Sabana Grande. In 1940, 81.9 per cent of the 
population was rural, compared to 69.7 per cent in Puerto Rico. The total 
population density, on an approximate area of 134 square miles, was 319 
persons per square mile, compared with 546 persons per square mile in 
Puerto Rico. The highest density was 423 persons per square mile in 
Guanica. The average rural population density was 244 persons per square 
mile compared with 381, the average rural density of Puerto Rico. Of the 
total population of the four municipalities 17.6 per cent was colored in 1940, 
having increased slightly from 17.4 per cent in 1930. 

^ Data from report prepared by the Puerto Rico Planning, Urbanizing and Zoning 
Board based on the 1940 Census. 
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Rate of Po^ndation Increase. Since 1899 the population of the area has 
nearly doubled. Its rate of increase was 98.3 per cent, or slightly greater 
than the rate of 96.1 per cent for Puerto Rico. The period of greatest 
population increase occurred between 1899 and 1910, when the population 
of the area increased from 21,554 to 30,177, or 40.0 per cent compared to 
Puerto Ricoh total population increase in that period of only 17.3 per cent. 
The direct cause of this increase was undoubtedly the establishment of 
Giianica Central shortly after 1900. 

Ill all other census periods, except that between 1935 and 1940 the popu- 
lation of the area increased more slowly than that of the Island as a whole. 
The period of least growth occurred between 1920 and 1930, in which period 
the rate was only 2.3 per cent, compared to Puerto Rico’s population in- 
crease of 18.8 per cent in that period. 

Urban and Rural Population. In 1940, the proportion of the total popu- 
lation of the Lajas Valley area which was rural, 81.9 per cent, ivas con- 
siderably larger than that of the total population of Puerto Rico, which 
was only 69.7 per cent. However, the population of Guanica municipality 
was only 39.1 per cent rural. The town of Lajas, with a population of 
only 2,294, w-as included with the rural population, for the U. S. Bureau 
of the Census classifies as rural all persons living outside of towns with a 
population of 2,500 or greater. 

Although the period in which urban population has been reported in 
the Lajas Valley Area has been too short to make possible any accurate 
estimate of trends, it appears that the proportionate increase in urban 
population has been slower than that recorded for all of Puerto Rico. How- 
ever, in absoluted numbers, the urban population of the area increased 26.6 
per cent between 1930 and 1940, while the rural population increased only 
19.0 per cent. This strictly urban growth has taken place entirely 
in Guanica municipality. 

In an area as small as the Lajas Valley, the recorded population increase 
of specific towms is often more valuable than a study of urban population 
alone. During the time that the population of the area doubled, the popu- 
lation of Guanica and Lajas towns more than tripled. The rate of increase 
has been consistently high during this whole period, and Lajas has grown 
more than Guanica. Undoubtedly the predominance of large land holdings 
has contributed to town growth in the area. The large number of agri- 
cultural laborers who work on the sugar cane estates have little opportunity 
to settle on the level valley floor, and must live in towns or small roadside 
villages, or in the slopes of the hills north of the valley. In addition, the 
greater employment possibilities and the greater social contacts and better 
living conditions available in town offer an added incentive to live there. 

Natural Increase and Migration. Like many areas of predominantly 
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rural character, the Lajas Valley Area has had a high birth rate and a high 
rate of natural increase. However this high birth rate is not reflected 
proportionately in the recorded population increase of the area, indicating 
that there has been a surplus of population which has emigrated to other 
areas, presumably those of greater economic opportunity. In the 10 year 
period from 1931 to 1940 inclusive, 10,415 births and 4,234 deaths were 
recorded in the municipalities of Lajas and Guanica. If to the births and 
deaths for Lajas and Guanica are added the number of bhths and deaths 
in Cabo Rojo and' Sabana Grande proportional to the per cent of their 
total population lying within the area, the estimated number of births in 
the Lajas Valley Area is 16,614 and of deaths 6,969. The natural or gross 
population increase is therefore 9,645. However the Census recorded a 
numerical increase in the population of the area of only 7,223, indicating 
that only about three fourths of the gross population increase of the area 
remained there, and the rest emigrated. Since the probabilities of under- 
enumeration of births is more likely than that of deaths, the estimate of 
gross population increase and thus of emigration, is conservative. 

The situation is much the same in the municipalities of Lajas and Guanica 
alone. The gross population increase in the same period Avas 6,181, but 
the net recorded increase was only 4,729 — a net emigration of 1,452 persons. 

The weighted average birth rate for the area was 10 per cent higher than 
the average for Puerto Rico during the same period. Since the average 
death rate was lower than that for the Island, the rate of natural increase 
for the area is higher than that for the Island. There is little significant 
difference between the rates for the municipalities lying predominantly or 
enthely within the area. Apparently Sabana Grande responds to other 
influences, but their effect on the average for the area is slight. 

Age and Sex Distribution, Age distribution in the Lajas Valley Area 
does not vary greatly from the distribution typical of Puerto Rico. A lower 
proportion is in the productive working ages, that is, from 15 to 44 years— 
and a higher proportion is in the youthful age — 14 ^^^ears and under — par- 
ticularly under 5 years of age. In general, the age distribution in the area 
tends to be more typical of the rural population of Puerto Rico than of the 
urban. 

Sex distribution like age distribution does not vary greatly from that 
typical of Puerto Rico, and again the tendency is toward rural rather than 
urban characteristics. In the four municipalities there are 102.5 males per 
100 females, while in all Puerto Rico the ratio is 100.8 to 100. Curiously 
enough, Guanica, which has an urban population proportionally twice as 
great as Puerto Rico, has a significant predominance of males. 

Employment. Of the 56,007 persons living in Lajas, Guanica and Cabo 
Rojo municipalities, 20,312 were reported in the labor force in 1940. There 
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was therefore one actual or potential wage earner per 2.8 persons as com- 
pared to 1 per 3.1 persons in all Puerto Rico. However, since the census 
was taken during the harvesting and grinding season for sugar cane, the 
employment figures given are seasonal, and higher than if the census had 
been taken later in the year. 

There were 13,643 males and 6,669 females reported in the labor force, 
giving a ratio of one male per 4.1 persons, and one female per 8.4 persons. 
The highest ratio of male to female workers, 3.9 to 1, was reported in 
Guanica, and the lowest, 1.6 to 1, was repoi'ted in Cabo Rojo. Of those 
persons over 14, sixty per cent are in the labor force as compared to 52 per 
cent in Puerto Rico. 

The majority of those employed were in private employment, only a 
little more than one per cent being employed in public emergency work. 
About 96 per cent of those in the labor force were employed, except in 
public emergency work, compared to 85 per cent in Puerto Rico. Of those 
employed, 62 per cent were wage or salary workers as compared with 72 
per cent in Puerto Rico. The remainder are employers, self-employed or 
unpaid family workers. In Guanica 82 per cent of those employed were 
wage or salary workers, due to the influence on employment patterns of 
Guanica Central; 73 per cent were so classified in Lajas, and 52 per cent 
in Cabo Rojo. In the latter a large proportion of those employed were 
women doing needlework at home, accounting for the lower proportion of 
wage or salary workers. 

The greatest single source of employment was in agriculture, principally 
in sugar cane farms. Ninety-nine per cent of those employed in agriculture 
were men. Sugar cane farms employed proportionately more of the labor 
force than in Puerto Rico, since in the latter, other farms, principally 
tobacco and coffee, employed a large group. Needlework at home was 
the second greatest source of employment and those employed were for 
the most part women. Transportation, wholesale and retail trade, and 
personal service provided employment for proportionately fewer persons 
than in the rest of Puerto Rico. 

Education and Literacy. The population ten years and older of the four 
municipalities was 72.7 per cent literate in 1940, compared with the aver- 
age of 68.5 per cent for Puerto Rico in the same year. The variation be- 
tween municipalities was slight. Cabo Rojo had the lowest literacy, 71.7 
per cent, and Lajas the highest, 74.3 per cent. Thirty per cent of those 
10 years and older were able to speak English; compared with 27.8 per 
cent for Puerto Rico. There was a considerable variation between mu- 
nicipalities with respect to ability to speak English, Guanica had the 
highest, 42.8 per cent due to the presence of a small colony of continentals 
in connection with the Central. Although the actual number of continen- 
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tals and persons born in other United States possessions amounted to only 
85 persons in 1940, and represented less than 7 tenths of one per cent of 
the population, this proportion was nearly twice that of the Island as a 
whole. 

According to data for 1943 submitted by the Insular Department of 
Education, there are 68 elementary urban and rural schools in the Lajas 
Valley Area, with 134 schoolrooms, 23 second unit classrooms, and 11 vo- 
cational school classrooms, with a total enrollment of 6,829 students. Cen- 
sus data give approximately 16,000 persons between the ages of 5 and 19 
in the Lajas Valley Area in 1940, which means that at least 60 per cent of 
those of school age are not enrolled in school. In Cabo Rojo and Sabana 
Grande some children living within the area may be attending schools out- 
side the area, which may reduce the proportion of those not enrolled to 
approximately 50 per cent, which is close to the proportion for the Island 
as a whole. In Lajas, Guanica and Cabo Rojo the per cent enrolled is 44, 
and 43 respectively, but in the two wards of Sabana Grande lying within 
the area the proportion is only 17 per cent. 

In Lajas there are 8 second unit and 5 vocational classrooms and in the 
four wards of Cabo Rojo, lying within the area, there are 15 and 6 respec- 
tively. However, in neither Guanica nor in the two wards of Sabana 
Grande are there any second unit or vocational classrooms reported. Of 
the rural schools in the area, the majority are of one classroom. 

Social Classes 

There is a definite and marked social stratification in a rural society. 
The Southwestern Region of Puerto Rico is no exception. Strong social 
consciousness exists in the area involving differences of status which make 
groups of individuals separate into social classes from the rest of the com- 
munity. This class consciousness depends very largely upon the compet- 
itive, conflictive, or cooperative relations of the different groups. It is not 
possible to distinguish sharply the factors which are causal in determining 
the social classes but, in Puerto Rico (including the Southwestern Area 
under study) the principal factor responsible for this stratification is the 
economic factor, that is, income, occupation, size and value of land holdings, 
the nature of land tenure, etc. Other causal factors such as education and 
ability, racial or nationality composition of the population, mobility and 
length of residence of families and the organizations in which the members 
of the society participate, although important, are secondary in nature. 

The social pyramid of the area consists of three sections; namely, the 
upper, middle and lower section; which represent the three different classes 
which have developed there. 

Upper Class. In the upper class the big landholders and the owners 
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and high employees of sugar mills are found. It is a small number of 
families with the highest income, and the complete control of most of the 
property and practically of all the activities in the area. 

In the upper class the concept of primacy of lineage is frequently present. 
These families have developed name and wealth. For several generations 
they have established a prestige for a family name that distinguishes them 
from the rest of the people, not only within the community, but all over 
the Island. 

The families in the upper class, because of their solid economic status 
and high education can afford to have a high standard of living. They are 
in very good health, have good housing facilities, excellent automobiles, 
very good diets and excellent clothing. The size of the family of this class 
is the lowest on the average consisting of four or five members in total. 
Generally, they have plenty of servants at home to do all domestic jobs 
and other employees to take care of the flower gardens, lawns and hedges. 

These upper families are able to buy the daily newspapers, weekly maga- 
zines, novels and poetry books as well as other business publications. 
They usually prefer to send their children to private city schools and later 
to universities in other countries. Being on an advantageous economic 
position they are members of the most select social clubs in the Island; 
and they are able to make frequent trips to the capital city to attend dances, 
meetings, etc. They spend their vacations, two or three months during 
the year usually after the grinding season, travelling outside the Island. 
It is interesting to observe that they go to the capital city to buy most of 
their clothing and a great part of all the house necessities. In their opin- 
ion, they are unable to find what they want in the nearby towns or cities, 
where they only buy those things which they get short of, or which are 
most essential to their daily needs. 

The upper class may be divided into two sub-classes, the upper-upper 
and the lower-upper. This division is fundamentally of an economic na- 
ture. The big landowners are in the upper-upper group, and the higher 
employees are in the lower-upper group. The big landowners, even if liv- 
ing close to their properties, are not in direct contact with the so-called 
inferior emplo^^’ees and with the laborers. They may get in contact with 
the higher employees usually on business matters, but not very frequently. 
They regard themselves as superior people who have lots of employees work- 
ing for them. The higher employees, to them, are ‘Very good and nice 
people with great ability to work on large business.^^ However, they very 
seldom share with them social activities and gatherings. It is very rare 
that they come in contact with the other employees and laborers; however, 
the latter know^ well w^ho they are, and recogpize them as the owners of 
the holdings w^here they work. To the laborers it is a kind of attraction 
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to see them. The laborers hear their immediate boss talking about Mr. X, 
In their conversation with the other laborers they refer to them as ''very 
rich people who are enlarging their capital by the exploitation of their labor 
and lives.” 

Middle Glass. Next to the upper group of families rank those of middle 
size farmers and of the office employees, engineers, "ma3^ordomo” and time- 
keepers. The bulk of these families constitutes the group which may be 
called the middle class of the area. There exist, however, differences in 
salaries and prestige among them with a consequent stratification into two 
further groups which may be called the upper-middle and the lower-middle 
classes. 

The upper-middle group usually have a higher education, higher income, 
and consequently enjoy higher levels of living. They live in relatively" 
good houses, either personally" owned or the property of the sugar mill. 
These houses are usually provided with the essential comforts, though 
not expensive. Usually these families own an automobile for their personal 
use. Their salaries permit them to have a home servant which heips in 
doing the cooking and cleaning of the house. Their diets, health and cloth- 
ing are relatively good. Most of their services and necessities are obtained 
in the nearest town or city". However, they make trips to the capital city 
once or twice a year, where they may have a good time and where they 
obtain some of the luxurious things w"hich they are able to afford. 

The iipper-middle^s family consists of five or six members. The children 
usually attend the public schools of the nearby town. After High School 
they are frequently sent to the University of Puerto Rico for a degree. 
Very seldom are they able to send them to universities outside the Island, 
and wffien they do, it is on the basis of sacrifices. It is important to ob- 
serve that they" have a high sense of morality and that they criticize deA"i- 
ations from their standards which are seen in the higher groups. 

The upper-middles do not establish a definite line of distinction from the 
lower-middles. They share with them certain social activities such as 
birthdays, baptisms and Three Kings’ Day parties. The classes above 
look at them as "good” and "efficient” people; however, they do not share 
social activities together. Some of tHe upper-middles, because of a better 
position in relation to their superiors, can enjoy certain privileges which 
indicate a tendency for mobility to a higher level. This, however, is not 
very frequent. 

As indicated before, this group enjoys higher incomes and, therefore, can 
afford to spend some money on daily newspapers, magazines, novels, poetry 
books and other technical reading material. Because of their relatively 
privileged position in relation to the upper class, they are sometimes allowed 
to use hunting grounds, tennis courts, golf courses and other recreational 
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facilities owned by the higher class. In spite of this privilege, unwritten 
social regulations restrict its use to certain specific periods or days of the 
week. 

The lower-middle class is formed by the smaller size farmers and the 
lowest salaried employees such as clerks, stenographers, typists, etc., who, 
because of a lower level of education or the fact that they may come from 
poorer families of the vicinity regard themselves as socially subordinated. 
Their attitude toward those above them, as well as the behavior of the 
upper classes, has contributed greatly to set them apart as a class group. 

The lower-middle, because of their lower incomes, cannot afford to have 
a level of living high enough to be considered satisfactory. They spend a 
higher proportion of their income on food and other necessities and a very 
small amount on other luxurious things such as education, recreation, etc. 
They live in small houses either personally owned, provided by the sugar 
mill or rented. Their families generally consist of six members on the 
average. Their health, housing facilities, and diets can be described as 
fair. They own no private automobile and use buses or public cars as the 
general means of transportation. 

These lower-middles are the first to use the rural country schools. Their 
children go to these schools usually up to the fourth grade. Afterwards 
they are sent to public town schools until they get their High School di- 
ploma. Very seldom a child is able to go to the University, and if they 
do, it has to be with some kind of outside help from a relative, or from the 
government in the form of scholarships. Of course, they have to be ex- 
ceptionally good students to receive this kind of help. Persons belonging 
to this class are able to buy one of the daily newspapers, and once in a while 
a novel or any other book. 

In their relationships with those above them in the social pyramid, they 
are somewhat timid. They are accustomed to receive orders and to accept 
them as final, no matter if they do not agree. Wlien they receive a 
deference from the upper-middles, they feel as if they have been greatly 
honored by their superiors. Their social recreational activities are mostly 
limited to birthday celebrations, baptisms, Three Kings’ Day parties, and 
occasionally, going to the movies in town. 

Lower Class. Below the lower-middles, the largest and perhaps the most 
important group is found. These are the sugar factory and agricultural 
laborers. Because of the importance of this group, and due to the fact that 
most of the problems resulting from social and economic maladjustments 
are tied up to this underprivileged class, it is intended here to describe it 
in more detail. 

First, it is convenient to establish a line of distinction which stratifies 
the laborers into two groups, one of which ranks a little higher than the 
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other, socially speaking. This group is the upper-lower; and the reason 
why they are on a higher social level is mainly due to the type of work they 
perform. Sometimes those laborers who have attauied a higher grade in 
school, or have acquired more expeiiences through age or through travelling 
as laborers in different regions of the Island are also recognized as su- 
periors. These upper-lowers have a higher social prestige that is recognized 
by both upper and lower classes. In fact, the reason why they have better 
jobs as laborers may be very likely due to this recognition. They usually 
perform such jobs as foreman, tractor and railroad machine operators, 
truck drivers, etc. They feel proud to have their superiors rely on them 
to get the work done; and consequently, they put all efforts to do it as 
best as possible. In a way, they serve as links between the bulk of un- 
skilled laborers and the lower-middles. Although it is true that they keep 
good relations with the unskilled laborers, they sometimes are looked by 
them as ^ ^people who are no better than we are but trying to gain favors 
from the bosses.” 

The level of living of the upper-lowers is a little higher than those below 
them — the lower-lowers — ^however, the difference cannot be considered sig- 
nificant. It is true that they are paid a little higher, but the difference in 
salary, when expressed in terms of standard of living, does not amount to 
much. For this reason, and because of the fact that it is very arbitrary 
to set a definite line of distinction, it is intended here to discuss their social 
and economic problems as a single group. 

The average size of the families of the agricultural and factory workers 
is about 6 members. On the average, they have an annual income of 
around $250. However, a large number of these families obtain incomes 
which average a little over $150 annually. Family expenditures are greatly 
limited by their low incomes. They spend about two-thirds of their in- 
come in food, nearly 10 per cent in clothing and very insignificant amounts 
in house furnishings, fuel and light, medical care, personal care and recre- 
ation, and only three-tenths of one per cent in education. The reason why 
they spend such a small proportion of their income on education is obvious. 
As a result of this situation they are unable even to satisfy the important 
necessities of life. Their children attend the rural schools usually up to 
the fourth grade and very seldom attend the schools in town. 

Living Conditions of the Lower Class 

Diet, The diet of the agricultural and factory workers is entirely in- 
sufficient in quantity and quality for the normal development of the human 
body. It consists principally of starchy vegetables, dried cod fish, rice, 
beans, cornmeal and black coffee or coffee with milk. According to inves- 
tigations made, it was found, for example, that 85 per cent of the laborers^ 
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population breaMastexl on black coffee, coffee with milk, or in a few cases 
coffee with milk and bread. Lunch for 88 per cent of them consisted of 
starchy vegetables, rice and beans, starchy vegetables with codfish and 
rice with beans, or cornmeal; and 93 per cent of the total had for supper 
rice and beans, or rice, beans and fish, the latter by only a few families. 
It was also found that the caloric intake was short and that the protein, 
fat, mineral and vitamin contents in the diet were entirely inadequate. 

The effects of bad nutrition which extend through the years and even 
through generations is disastrous to a population. General debility caused 
by a deficient diet and the exhausting physical effort Avhich the laborers 
undergo result in the loss of resistance against disease. It must be taken 
into consideration that this diet is difficult to substitute because it is not 
easy to obtain one which produces as many calories at such a low cost and 
which, moreover, contains some of the essential components, being at the 
same time liked by them. 

Housing, A larger number of the agricultural workers as well as of the 
factory workers live in houses owned by the landlord. The housing facilities 
are very poor in general. The most common type of house is constructed 
of wood with a galvanized iron roof. Frequently the houses were constructed 
in places where the soil is very poor or swampy, in order not to use the 
better lands which are used for cultivation. The houses of these workers 
have only one or twm rooms and a kitchen situated in a small lean-to shed. 
There is an average of 3.5 persons for each bedroom available. 

The furniture in these houses is scanty and of the cheapest quality. A 
large proportion of them have only a few benches or empty boxes for chairs, 
a small table, one or twm cots, and a homemade wooden box. However, 
occasionally a house is found which has an iron bed and some chairs. 

Only a little over one-half of the houses have latrines of a simple type. 
In the remaining homes there are no latrines or sanitary installations of 
any type. 

The fact that laborers live in houses which are the property of the land- 
lord without paying rent, results in a status of hoiLsing insecurity. Until 
recently, if at any time the owner estimated that a laborer family was not 
rendering productive services to their interests, they were able to force them 
out of their properties. This situation is very well described by the term 
''agregado” (squatter) which is the common name given to them. 

Clothing. Workers’ families are far below the minimum adequated cloth- 
ing requirements. A study made by the Home Economics Department of 
the University of Puerto Rico showed that the minimum adequated cloth- 
ing requirements per year for a family of six should be about $116,00 
(October 1, 1942 prices). Although these minimum requirements were very 
conservatively calculated, they are considerably higher than the amounts 
spent on clothing by -workers’ families. In other words, they were spending 
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from one-fourtli to one-third of the amount of money which Avas necessary 
for minimum clothing standards. The typical average worker has a pair 
of pants, two shirts, one underwear set, a pair of shoes, and an old straAV 
hat. His AAnfe’s wardrobe is more or less the same amount. Many male 
children wear no clothing at all. Some children wear either a blouse or 
drawers, seldom both. 

Water supply. There are no water systems in the rural areas to prordde 
water to the laborers. The majority of the families use water from wells, 
irrigation ditches, polluted rivers or springs, or use rain water collected from 
the roof and stored in cisterns. Occasionally people use a water straining 
device for collecting rain water. With a population densitA^ of 546 persons 
per square mile in Puerto Rico, as revealed by the 1940 census, and an 
almost total lack of facilities for the sanitary disposal of human excrement 
in the rural areas, there are practically no surface sources from AA'hich pure 
Avater can be supplied for drinking purposes, AAuthout being first properly 
treated. Consequently, there exists a continual threat of A\mterborne dis- 
ease epidemics among the rural worldng class. 

Health. The sugar cane areas of Puerto Rico are located on the coastal 
plains and the interior valleys of the Island. They are the best and most 
fertile lands in the country, but due mainly to topographical conditions, 
they are also the most unhealthy, because endemic diseases such as malaria 
and bilharsiosis are A^ery common and bring the mortality rate in these 
regions to a higher level than in the mountainous areas. 

Generally speaking, it may be said that the diseases AARich do most 
harm to the population are caused by exogenous transmissible agents: ma- 
laria, AARich prevails in the coastal areas and tuberculosis and intestinal 
parasites, Avhich are today found over all regions. Mortality from gastric 
enteritis is the primary cause of infant mortality in these areas. Malaria, 
tuberculosis and intestinal parasites are the most serious problems of adults. 
It may be noted that general and infant mortality is higher in the sugar 
cane jzone than in Puerto Rico as a AARole. 

There is an average of about 5,000 inhabitants per doctor in the sugar 
cane areas in comparison AAuth 12,151 inhabitants per doctor in the other 
areas. These figures indicate that the supply of doctors in the sugar cane 
zones, although not sufficient, is higher than in the zones Avhere sugar cane 
is not grown, AARich is an indication of the greater wealth and prosperity 
AARich exists in these zones in comparison AAnth the areas AARere cane is not 
cultivated. It should be pointed out, hoAAwer, that doctor services are 
A^ery seldom aAmilable to workers^ families due to their inabilitA^ to pay for 
them. In spite of the greater supply of doctors, the mortality rate is 
higher, which is a further proof that there exists a greater number of ill- 
nesses in this area and that it is a more unhealthy region. 

The* health situation described aboA^e is characteristic of the sugar cane 



18 JOtTENAL OF AGEICULTURE OF UNIVERSITY OF PUERTO RICO 

laborers^ families including those of the Southwestern part of the Island. 
It is evident that their poor health has its deepest roots in their difficult 
economic situation which results in an entirely inadequate diet, and the 
squalor in which these people live. 

Castes 

Caste groups in Puerto Rico are not so important as class groups. For 
this reason social classes were described above in very much detail, inas- 
much as they are the most important factor of social stratification in the 
rural society of Puerto Rico. 

The population of Southwestern Puerto Rico, the same as in the Island 
as a whole, is predominantly white. However, the percentage of colored 
people in the sugar cane area is by far higher than in other areas of the 
Island. 

Caste lines in the social structure of Puerto Rico are more rigidly es- 
tablished by those groups which are higher on the social pyramid. Its 
importance decreases in the groups w^hich have a lower level in the social 
ladder. Among the working class it is common to see marriages of white 
and colored people and the sharing of social activities between them. No 
significant evidence can be found as to differences in the work they perform. 
They are employed regardless of their color. However, although no clear 
distinction of caste lines can be observed, it has not completely disappeared. 
There are still many white families who hesitate to accept colored people 
as social equals and who do not participate together in social activities. 
To conclude, the tendency for the caste line to disappear is a movement 
which has developed mainly among the lower groups and which very prob- 
ably will continue its development in an upward direction. 

Institutional Organization 

The Church. A very high percentage of the rural people belong to the 
Roman Catholic church. This represents the general faith of the people 
of the Island which developed under the Spanish Government. However, 
although rural people are considered to be very religious, they very sel- 
dom attend religious services. The rural church has developed very 
little on the island, especially in the sugar cane areas where very few, if 
any, are found. They are usually located by the side of a public road out- 
side of the big land-holding. Their buildings are fairly good, but very 
poorly equipped. 

The rural churches do not have a resident priest or pastor. They reside 
in the near tovms from which they come to serve. The program of ac- 
tivities of the rural church is very limited. In the case of the Rural Roman 
Catholic Church practically the only service offered is a mass held usually 
once a month. 
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Churches of other denominations have recently increased their interest 
in the rural people. Their membership has been increasing. However, it 
is by far much lower as compared to that of the Roman Catholic Church. 
The development accomplished by these other churches has been mostly 
among the lower classes, since the higher class people have very little or 
no tendency at all to change their religion. They have a sense of social 
prestige tied up to the Catholic church. Members of the upper classes 
very seldom attend the rural churches. To satisfy their social conscious- 
ness of superiority they prefer to attend Catholic churches in to'wn where 
they can associate with people of their same category. 

As indicated above, the rural people are segregated into two main groups 
in relation to religious activities. This segregation is based on the location 
of the church which they attend. It is interesting, though, that both 
groups mostly attend the Roman Catholic Church. This segregation, 
however, may cause difficulties which must be carefully faced in any at- 
tempt to develop a religious program for the rural people. 

The School, School 'facilities existing in Southwestern Puerto Rico have 
been discussed previously. This section will mainly attempt to describe 
briefly the social characteristics and influence of this institution in relation 
to the rural people. 

School attendance, as well as church membership, is similarly divided 
into two groups on the basis of social classes^ attitudes. The division is 
based on those who can and cannot afford to send their children to town 
schools. 

The most common type of rural school serving the rural area is the one- 
room one teacher school. It is a governmental public school where attend- 
ance of children up to certain age is supposed to be compulsory. The 
highest education which is generally offered is the fourth grade. The school 
house is located by the side of a public road in a lot vrhich is generally the 
property of the Government. Academically, teachers are, generally speak- 
ing, well prepared because of the opportunities for improvement offered 
by the Government. They are paid on a twelve months’ basis but their 
salary is relatively low. Teachers are not exactly full members of the com- 
munity in which they serve, but live usually in the nearby to\m travelling 
back and forth every day. In spite of this fact, the rural teacher is the 
outstanding professional leader of the community, and one of the persons 
most interested in the welfare of the rural people. 

Close contact of the different social classes does not occur in the rural 
schools. As stated before, members of the upper classes prefer to send their 
children to the town school, and the uppermost classes have a preference 
for private city schools. The enrollment of the rural school, therefore, 
comes principally from the lower and middle classes. The lack of interest 
in rural school activities, logically present in the hi^ v r classes, is one of 
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tlie most serious problems of the rural schools. ' In spite of this situation 
they have achieved considerable progress in implementing its program in 
the community. 

The Insular Government has been developing a program of Rural Edu- 
cation Improvement. Rural schools are being centralized into the so- 
called “Rural Second Units,” which offer academic training up to the 
ninth grade, besides training in vocational education. Eventually, these 
“Second Units” will predominate in the rural areas of Puerto Rico and 
will offer better and less expensive education, as well as more facilities for 
social improvement in the community in general. 

Local G-overnmeni. There is no form of central local government for 
the whole Southwestern area under study. For governmental purposes the 
Island is divided into seven districts, each one including several munici- 
palities. The latter is the smallest unit of government whose seat 
is centered in the town. In the Southwestern area of Puerto Rico there 
are four of those municipalities involved, namely, Cabo Rojo, Lajas, 
Guanica and Sabana Grande. Insular governmentabactivities such as pub- 
lic health, police service, education, justice, revenues, etc., are handled at 
the municipal level. The Southwestern area of Puerto Rico is, therefore, 
not a unit of local government by itself, but includes four municipalities 
from which governmental services are directly or indirectly obtained. 

Sermces and Actimties 

Hospital Facilities, Hospital facilities are very limited in the Lajas 
A^alley Area. There are 7 genei'al hospitals with a total of 101 beds in the 
towns of Lajas, Guanica and Cabo Rojo. Four of the hospitals are private, 
having a third of the total number of beds. The rest are municipal hos- 
pitals. There were 1.7 beds per 1000 recorded population in 1939 ; Guanica 
had the highest proportion, 3.4: beds per 1000 population, and Lajas the 
lowest with only one bed per 1000 population. Since the town of Cabo 
Rojo lies outside the area proper, only 4 hospitals totalling 58 beds in Lajas 
and Guanica are actually located within the area. The nearest District 
Hospital at Aguadilla is too far from the area and, therefore, it should be 
removed from consideration here. The proposed construction of a District 
Hospital at Mayaguez would improve to some extent the facilities for hos- 
pitalization available to the population of the Lajas Valley Area. 

Medical Services. In the areas where sugar cane is cultivated in Puerto 
Rico there exists an average of around 5,000 inhabitants per doctor. 
Doctors reside in toms and very seldom visit the rural zone, except their 
very best clients of the upper class. The upper class also get their medi- 
cal seiwices in the capital city or in the best private clinics of the largest 
cities. The middle class depends on the private doctor and small hospitals 
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of the nearby towns; and the lower class depends on the governmental 
public health services that may be available. 

Sugar cane workers are covered by State Insurance Funds, collected 
from the employers. The State provides medical assistance and hospital- 
ization to all insured workers who are injured while at work. It also pro- 
vides compensation payments to injured laborers who, as a result of their 
injuries, are permanently, partially, or totally incapacitated for work. 

An additional type of medical service is sometimes offered by Sugar 
‘hentrals^’ to agricultural laborers and their families. It is of a charitable 
nature and operates in this way: The sugar central hires a doctor in town 
and pays him either on a per patient or per time basis. Any laborer or 
member of a laborer’s family in need of medical assistance should first 
obtain from an employee in the office a written authorization, so as to be 
examined by the doctor. If the doctor is paid on a per patient basis, the 
laborer has to see him in his town office. On the other side, if he has con- 
tracted to serve on a per time basis, the laborers have to wait for his peri- 
odical visit to the ''central’k Occasionally this charity help is expanded 
by helping the laborers who cannot afford it to buy the medicines 
prescribed. 

Recreation. The degree of participation in recreational activities varies 
for the different social groups. There are different recreational activities; 
however, in none of them is there participation of all classes together. 

The upper class has a great part of its recreation outside the area. They 
belong to very selective clubs in tovm which they attend regularly. They 
also visit the capital city to attend social meetings and parties, and also 
travel abroad for pleasure. In addition, the members of the upper class 
have their ovm. recreational facilities. They keep tennis courts and golf 
courses for their use, but are very exclusive as to the persons who may 
share them. They also attend good theaters in town, if available. 

The middle class members have most of their recreational activities 
within the community limits. Sometimes the “central” or big landholders 
keep forest grounds in the marginal lands of the area, which they use for 
hunting. Usually, members of the middle class share this facility but its 
use is restricted to certain specific periods. Baseball and basketball teams 
are organized in the community. The big landholders permit sometimes 
the use of certain open fields for this purpose. Horseback riding is another 
sport widely in use among the middle class member. Outside of the com- 
munity the members of this class go to the cinema in town and to cock fights 
celebrated nearby. 

The lower class participates very little in recreational activities. The 
young members participate to some extent in baseball and basketball games 
at school. The recreation most widely enjoyed by the low^er class is the 
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popular txavelling vaudeville that visits the community periodically, es- 
pecially during the grinding season. 

All the classes in general have other, private social activities and cele- 
brations such as dances, birthdays and other parties, but attendance at 
them is almost exclusive for the members of each class. 

Meeting Places. There are no specific meeting centers in the area. The 
most common meeting places are the country retail stores and the office 
building grounds during pay days. In addition to these two places, the 
school serves that purpose too, especially during the celebration of school 
activities. The most common meeting places for the members of the 
middle class in the community are their own houses. The upper class 
seldom meet together in activities in the community. Their meetings 
are held in private clubs and other social gathering places in town. 

Other Activities. Very few other activities are celebrated by or for mem- 
bers of the community. The most common are those held at the school 
by parents, teachers and/ or students. The outstanding activities that hold 
the attention of everybody are the activities of the labor unions and those 
of the political parties. 

Interest and Pressure Groups 

The only interest and pressure groups in the life of the area are the labor 
union groups, the big landowners as members of the Association of Sugar 
Producers, and the political parties. There exist in the Island two labor 
union groups; namely, the General Confederation of Laborers and the Free 
Confederation of Laborers. The objective of the two labor unions are the 
same, that is, the improvement and betterment of the laborers. However, 
they are segregated, principally because their leaders belong to different 
political parties. 

Commonly, laborers strike every year at the beginning of the grinding 
season. Usually it takes several wueks to settle the dispute, which results 
in wage agreements for the season. Neither the labor strikes nor the 
settling of the dispute is carried on a community level basis. They are 
island-wide problems handled by the Association of Sugar Producers and 
the top leaders of the labor union involved. The strikes are very impor- 
tant events in the community because they arouse considerable expectation 
and activity. 

The local leaders in labor union movements are very seldom members 
of the community. They often live in a nearby community or a 
neighboring to\vn. 

The other pressure groups in the area are the political parties. The 
activity of these groups comes only once every four years before general 
elections. The upper classes, in general, are affiliated with the conservative 
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parties and the lower classes with the social reform party. Always there has 
been a great struggle between big owners and laborers during the political 
campaign. Owners use all sorts of pressure techniques to force laborers 
to vote for the conservative Parties. In 1940, for the first time, a social 
reform party called the Popular Democratic Party, gained control of the 
Government in the Island. This party has already started the Social Re- 
form Program they offered to the people. One of its outstanding phases 
is the Land Reform Program, and undoubtedly the most interesting to the 
people of the rural area, because of its great bearing on the social and 
economic life. 


Physical Background 

Geology- 

The Lajas Valley extends from Yauco on the east to Boqueron Bay in 
the west. Its south wall is formed by the Cretaceous San German limestone 
and tuff. The band of San German limestone appears five times in the 
tightly compressed folds of the Upper Cretaceous pyroclastic rocks, between 
the south coast in the vicinity of Parguera and the Guanajibo valley, 
nearly all these Cretaceous rocks dip south and plunge into the Caribbean 
Sea. The arches or anticlines rose from 2,000 to 5,000 feet above the adja- 
cent synclines, and from coast to coast, the individual folds measure from 
one to two miles. The northern boundary is less strongly set off from the 
low hills of complex mountains. The width of the valley is approximately 
three miles, with a length of over 27 miles. Southwest of Lajas the valley 
narrows, then levels at Guanicaand Boqueron bays to an altitude of 150 feet 
feet just south of Lajas. The underlying rock of the lowland is chiefly 
tuff with small patches of shale. 

Excavation of the Valley, The Lajas valley was excavated by subse- 
quent streams working on tuffs and ashy shale, the non-resistant zone of 
Cretaceous rocks. The central and eastern portions of the valley were 
carved by the waters of the Cain, the Flores and the Susua rivers located 
respectively at the north of Sabana Grande, San German and Yauco and 
all flowing into Guanica Bay. The western portion of the valley wrs 
carved by the Boqueron River and its branches. 

S‘ub 7 nergence of the Valley, The Lajas valley submerged below^ sea level. 
In the Post-glacial Period (Pleistocene Age) the Avestern waters of the 
Atlantic Ocean and the Caribbean Sea connected Boqueron and 

Guanica Harbor. The Cretaceous ridge of southwestern Puerto Rico was 
then an island. The subsistence of the Lajas Valley wms unrelated to the 

2 Data on the geology of the area from a report prepared by Dr. J. S. Bonnet- 
Head of the Department of Soils of the Agricultural Experiment Station of the 
University of Puerto Rico. 
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regional submergence of forty feet which provided both of its ends with 
the bays of Boqiieron and Guanica* The subsistence of these bays was 
probably accentuated by the lowering of sea level during the development 
of the Wisconsin Glacier. 

Filling of the Valley, The valley was filled by the fluvial erosion of inter- 
mittent streams and by the Susua River in the extreme west of the Guanica 
lowland. The filling was probably correlated with insular uplift and tilting. 

Relation of the Tertiary Coastal Plain to the Older Series. No part of 
Puerto Rico shows more clearly the relation between the coastal plain and 
the oldland than the region near Guanica on the south coast. The Tertiary 
has been deposited upon a very hilly oldland representing the dessected 
eastward pitching end of the Boqueron-Yauco anticline. Immediately 
south of Yaiico the hills are of crystalline limestone of the older series and 
these are overlapped on the southeast by the Tertiary cuesta. Although 
they are more or less interrupted by gaps, permitting direct access from 
the flood plain of the Susua River eastward to the Tertiary, these oldland 
hills can be traced in a swinging area as far south as Guanica. Here, just 
east of the town, some bedded volcanics are associated with the limestone. 
They strike northeast-southwest or east-west and are presumably a con- 
tinuation of the formations having an east-west trend at Guanica Central. 
The presence of a large hill of Tertiary as well as abundant occurrences of 
the basal gravels proves that this valley had reached approximately its 
present development before Tertiary time. This belief, that modern ero- 
sion changes are not to any considerable degree accountable for the present 
size and shape of the older series hills, but that they are simply being un- 
buried of their Tertiary cover, is abundantly strengthened by a study of 
the district adjacent to Guanica Central. At Guanica Central the oldland 
hills can be seen actually emerging from beneath the coastal plain, and on 
their flanks there still remains a coating of chalk, attesting the recency of 
their imburial. This deposit may be seen at the base of the crystalline 
limestone hill near the stone-crushing plant of the Guanica mill. Nearer 
to Guanica Central, the coating left upon some of the dark older series 
volcanic rocks appears like a sheet of plaster or white-wash only a fraction 
of an inch in thicloiess. 

Reddish Sands in Southwestern Puerto Rico. The presence of a thin coat- 
ing of reddish, siliceous sand covers part of the surface of the southwestern 
tip of Puerto Rico. The rocks upon which this sand rests are not exten- 
sively exposed, but where seen it is tuff of the same general character as 
that of Ensenada. The origin of the siliceous sand is probably in the 
numerous quartz veinlets which occur in the shale and tuff; also from chert 
masses in these rocks. The red color is due to iron oxide coating the grains 
and preserved in the arid climate which now characterizes the extreme 
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southwest corner of the district. The concentration of sand at this point 
is most likely the combined work of streams and sea. Conclusive evi- 
dence of former streams entering this area from the north of the playa 
suggests the presence at one time of a stream of considerable size. The 
level character of the surface is in large part the work of the sea when it 
stood at a higher level. 

Topography^ 

The Lajas valley itself is bounded on the north by a ridge of hills, rang- 
ing in height up to some 900 feet above sea level, which separates it from 
the Guanajibo Valley; and on the south by another secondary ridge of 
hills some 300 to 800 feet in height which separates it from the South Coast. 
It comprises the flat floor of the valley together with its flanking slopes 
and has a width of about three miles; extending in an eastward direction 
for a length of some 17 miles from the west coast to the Susua River. Its 
flat bottom in general rises slowly on a slight grade from Boqueron Bay on 
the west coast to a low summit (50 feet above sea level) at the Palmarejo 
road, and then descends eastward to the level of hightide at Guanica Lake. 
Considerable portions of the valley bottom, known as the 'bVuegado’^ are 
below sea level and are swampy. The second area of the lowlands includes 
the Coastal Plains to the south which occur in irregular width, along the 
Caribbean seaboard between the southwest corner of the Island and 
Guanica. The sloping lands bordering these areas are of limited extent 
merging quickly into rough and steep hills. 

Soils 

The cultivated soil series of Lajas Valley cover approximately 34,801 
acres. A brief classification of the soil series and acreage covered by each 
of them is reported in table 1. A complete description of these soils is 
found in the Soil Survey of Puerto Rico. 

Besides the soils indicated in table 1, there are also 4,518 acres of flooded 
alluvial clays, of the Guanica series, that if properly drained, can also be 
cultivated. 

The alluvial clays of the valley are poorly drained. Successful farming 
operations require, therefore, adequated attention to the drainage problem. 
In the Aguirre clays the drainage is further impaired by salt concentration 
due to seepage and evaporation. 

Tests made by the Soils Department of the Agricultural Experiment 
Station at Rio Piedras have revealed that a conductivity ratio over 128/150, 
where the numerator expresses the specific conductance of the first-foot 


3 Data from report prepared by the Puerto Rico Water Resources Authority. 
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surface of soil and tlie denominator that at the average four-foot depth, 
in a 1:2 soil suspension of Aguirre clay, is detrimental to the growth of 
sugar cane, the most important crop in Lajas valley. It was found that 
those fields with a conductivity ratio below 172/234, can be leached with 
five feet of fresh water to a salt concentration favorable for cane growth. 
It w’-as also found that there are about 5,000 acres of alluvial clays in Lajas 
valley which have an excessive salt concentration injurious for crop growth. 
This salty area may be reclaimed with gypsum or sulphur. 


TABLE 1. ACREAGE OF ARABLE SOILS IN THE LAJAS VALLE Y='- 


Soil Series 

Classification 

Acres 

Frateniidad 

. Alluvial and colluvial clay 

S,,13D 

Aguirre 

. Alluvial clay 

7,881 

Jacana 

. Residual from andesitic tuffs and tuffa- 
ceous shales 

4,709 

Yauco 

. Residual from limestone 

3,095 

Caguas, Sabana Seca 

. Plaiiosols 

2,257 

Santa Isabel 

Alluvial clay 

2,161 

Paso Seco 

. Alluvial 

2,145 

San Anton 

. Alluvial 

2,086 

Lajas, Aguilita 

. Residual from limestone 

717 

Teresa, Coloso (poorly drained) . . 

. Alluvial 

503 

Descalabrado 

. Residual from tuffs 

466 

Cabo Rojo 

. Residual from old marine 

358 

Toa 

. Alluvial 

179 

Coloso 

. Alluvial 

105 

Total 


34,801 


Estimate made by Dr. J, A. Bonnet, head of the Department of Soils, Agricul- 
tural Experiment Station, University of Puerto Rica. 


Rainfall^ 

The Island of Puerto Rico, lying within the tropics and sui’roiuided by 
the equatorial waters of the Atlantic Ocean and the Caribbean Sea, enjoys 
the abundant rainfall which is characteristic of many tropical island regions. 
The amount of rainfall, however, in spite of the relatively small area of the 
Island, varies greatly in different locations, ranging from less than 30 inches 
a year at some places on the coastal plains, to as much as 200 inches in the 
high mountains of the northeastern section. This diversity is due prin- 
cipally to the effect of the wind and topographic relief. High mountains 
form a more or less continuous barrier across the Island from east to west; 
the prevailing northeast trade winds sweeping in from the ocean drop most 

^ Data from report prepared by the Soil Conservation Service, Puerto Rico; and 
by the Puerto Rico Water Resources Authority. 
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of their rains on the northern slopes of this divide. These conditions result 
in a narrow belt of relatively diy country along the south coast of the 
Island which includes also the Lajas Valley area. 

As a general rule, rainfall in Puerto Rico decreases from east to west. 
In the Southwest section of Puerto Rico, this general rule is evidently re- 
versed, showing a steady increase from east to ivest. The normal rain- 
fall at Saman, Desengaho, Beatriz and Santa Rita, all of vRich lie within 
the Lajas Valley area and about in the same parallel of latitude, shows a 
steady increase from east to west. In the above order named, Saman is 
the most v^esterly station and Santa Rita the most easterly. The normal 


TABLE 2. 


RAINFALL DISTRIBUTION IN SOUTHWESTERN PUERTO RICO 
BY GAGING STATIONS AND BY MONTHS 


Month 

Saman 

Costa 

Desen 

gano 

Beatriz 

Santa Rita 

All Lajas 
district 

1942 

Normal 

1942 

Normal 

1942 

Normal 

1942 

N ormal 

1942 

Normal 

1942 

Norma 






inches 







January. . . 

1.05 

1.18 

0.35 

0.83 

0.80 

0.99 

0.25 

1.12 

0.41 

0.71 

0.25 

1.27 

February. . 

0.00 

1.99 

0,00 

1.41 

0.00 

1.97 

0.95 

1.64 

2.25 

1.51 

1.00 

1.96 

March .... 

0.50 

2,32 

0,00 

1.52 

0.35 

2.13 

1.70 

1.73 

0.30 

0.93 

1.S5 

2.26 

April 

6.20 

2.07 

1,10 

0.85 

4.40 

1.76 

2.55 

1.46 

4.84 

2.36 

3.35 

2.45 

May 

6.20 

5.42 

2.70 

4.19 

7.00 

6.02 

4.35 

4.69 

7.91 

4.44 

6.66 

5.65 

June 

2.95 

2.48 

1.70 

2.10 

2.90 

2.26 

3.05 

1.95 

3.60 

2,38 

2.71 

2.66 

July 

6.55 

3.62 

4.30 

1.80 

4.80 

3.91 

4.50 

3.14 

2.70 

2.19 

4.16 

3-72 

August. . . . 

6.70 

5.65 

2.45 

4.01 

4.70 

5.39 

3.55 

4.11 

0.98 

3.66 

6.55 

5.09 

September 

o 

CO 

cl 

6.55 

3.20 

4.31 

2.80 

6.30 

4.35 

6. OS 

6.11 

4.48 

2.49 

6. 68 

October. . . 

8.75 

5.55 

9.42 

4.85 

8.65 

5.55 

7.10 

6.69 

4.16 

5.90 

6.00 

6.13 

November. 

4.80 

6.01 

1.95 

3.22 

4.30 

5.54 

5.15 

4.08 

5.67 

4.21 

7.00 

5.83 

December. 

4.60 

2.66 

2.65 

1.35 

5.00 

2.60 

0.70 

1.84 

0.57 

1.61 

2.00 

2.27 

Total. . 

50.60 45.50 29. S2 30.44 45.70 44.42 38.20 38.53 39.50 34.38 44.02 45.97 


average rainfall for these stations are 45.50, 44.42, 38.53 and 34.38 inches, 
respectively (table 2). 

Records shoV' also that in this area there is a decreasing trend from north 
to south. For instance, the station of Costa, v-hicli lies closer to the coast 
line has an average rainfall of 30.44 inches. 

Table 2 indicates also the monthly average precipitation for the area as 
a whole. The average yearly rainfall in the Lajas A^alley is 45,97 inches. 
In tropical areas, where the temperature is high, the humidity low, and the 
rate of evaporation high, this amount of rainfall results in an arid to semi- 
arid climate. 

Rainfall is not only scarce in the Southwest but is also poorl}^ distributed. 
The general rainfall pattern is similar to that for the rest of the Island with 
a five months’ dry season from December to April and a distinct rainy 
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period from May to November. Fortunately, this rainfall distribution, 
though not the amounts, conforms to the requirements of the major crops 
groA\Ti in the area, that is, sugar cane, cotton and corn. 

The general rainfall pattern is the same for most stations in the area. 
There exists average rainfall in June and July, increasing in ilugiist, to a 
maximum in September or October, with a drop in November. The next 
five months from December to April constitute the dry season, and then 
a very decided peak occurs in May, almost reaching the rainfall of Sep- 
tember and October. 

There exist variations from year to year in the amount of precipitation, 
but in 1942, the year in which the farm management survey of the area 
was undertaken, the rainfall condition was approximately normal. 

Economic Bachgroimd 

The presentation of the economic background of Southwestern Puerto 
Rico will be limited only to the discussion of marketing and industries in 
the area. Other economic aspects such as land tenure, credit and trans- 
portation facilities will be described separately in later sections of this 
thesis. 

Marheting 

To understand better the marketing activities carried on in this area it 
is better to look over the different agricultural products separately. 

Sugar cane, as will be shovm later, is by far the most important crop in 
the area. Sugar cane is transported from the field to the factory in ox- 
carts, trucks, or railways. Although the Guanica Central is the only sugar 
mill lying in the Lajas Valley proper, part of the crop is also sent to other 
nearby sugar mills. 

The business relations between sugar cane growers and mills are usually 
governed by a grinding contract stating the terms under which the cane is 
ground. It should be added here that these contracts have to be made in 
accordance with certain legal stipulations established by insular laws and 
by the Agricultural Adjustment Administration. Perhaps the most im- 
portant section of this contract is the one dealing with the method of pay- 
ment. The farmer receives from 63 to 65% of the sugar produced, the 
percentage varying in accordance to the sucrose content of his cane. 

The farmer may sell his sugar or may let the central do the marketing. 
The latter method is the most common. All the sugar produced in Puerto 
Rico is marketed to the United States. The central discounts all mar- 
keting expenses and liquidates the remaining part to the farmer. 

The Puerto Rico Cotton Marketing Association was organized in 1935 
for the purpose of assisting farmers to market their products. Any farmer 
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engaged in growing cotton may obtain membership and market his product 
through the Association. Up to 1941, this Association with headquarters 
in the Northwestern producing area handled all the cotton produced in 
the Island. Since 1942, cotton has also been marketed through a private 
dealer located in the southern producing area. The Cooperative Asso- 
ciation, however, has continued handling most of the cotton crop, and the 
prices obtained by farmers through this agency have been always slightly 
higher. 

Both of the above-mentioned firms maintain country warehouses scat- 
tered throughout the producing area. Cotton is transported to these 
warehouses by either ox-carts, trucks, or by railways. From the ware- 
houses the produce is taken to the gins ovmed by the aforementioned con- 
cerns. All the lint cotton is finally exported to the United States. 

The cotton cooperative establishes prices for the different grades of cotton 
delivered by the producers using the so-called arbitrar}?^ price differential 
method. From the gross sales of cotton and cotton seeds they deduct the 
administrative, ginning and marketing expenses plus a certain amount to 
build up reserves. The amount left is distributed to producers on the basis 
of prices arbitrarily fixed by the Cooperative for the different grades de- 
livered. This method of determining the prices paid serves to stimulate 
growers to produce a larger proportion of high quality cotton. The second 
cotton dealer, although being a private concern, has followed very closely 
the price-fixing policy established by the Cooperative. 

Other farm products produced in the area are sold by the farmers them- 
selves, either directly to the consumers, to country dealers, or at the public 
markets especially at those located in the nearby tovms. There are public 
market places in each one of the towms lying within and around the area, 
however, only those at Mayaguez, San German, Yauco and Ponce may 
be considered of importance. Very seldom, and only in the case of large 
producers, minor crops are taken to the distant market places of the Island. 

Industries^ 

There are only a few industries of significance in Southwestern Puerto 
Pico that are not directly dependent upon agriculture. The needlework 
industry, the production of salt, the fishing industry, and the manufacture 
of clay products — ^pottery, tiles and bricks — are perhaps the most important, 
followed hy charcoal and bark stripping for tanning production. 

Salt Production. The southwestern part of the Island is, as stated before, 
an area of very low rainfall and extremely high rate of evaporation, thus 
conditions are especially good for the production of common salt from sea 

^ Data from report prepared by Mr. Donald F. Griffin, Planning Technician, 
National Resources Planning Board, San Juan, Puerto Rico. 
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water by natural evaporation in artificial ponds. There are alread}^ several 
salinas along the coast in response to these ideal conditions. 

Southwestern Puerto Rico produces almost 30,000,000 pounds of salt 
per year. As yet there are no salt refining plants. The crude salt is merely 
ground locally and used for cooking and preserving. The relatively high 
price of imported rehned salt puts it beyond the reach of the great nuinber 
of low income consumers, who are forced to use crude salt. 

A salt refining plant might be one of the projects to be carried out in the 
south coast area, which could supply refined salt to the Island. Further- 
more, the Island could cover its o^vn requirements of chlorine, caustic soda 
and hydrogen, which are obtained by the electrolytic decomposition of salt 
(sodium chloride). The present annual consumption on the Island of these 
products is about 2,000,000 pounds of salt, but the projected industrial 
developments in edible oils, soaps, and paper will, upon completion, prob- 
ably increase this requirement to 3,000,000 pounds of salt. The develop- 
ment of plants for preserving and curing meats and fish would mean further 
consumption of salt. 

This salt industry could be established more advantageously in this area 
since fuel and distribution facilities will be about the same at any other 
point of the Island while the basic raw material will be at hand. 
A thorough study by the Puerto Rico Development Compan^r on con- 
ditions, and possibilities of these developments is very advisable. 

FisMng. The most important fishing centers in southwestern Puerto 
Rico are Puerto Real, Boqueron, and Guanica, where probably 200 families 
rely on fishing for their living. The area is highly favored for the fishing 
industry because of the irregularity of the shore-line, the numerous spawn- 
ing and feeding grounds, and the regularity of its adjacent sea bottom. 
An estimated 20,000 pounds of fish are landed weeldy at the above-men- 
tioned ports, but this quantity might be increased many fold if better 
boats, gear and up to date cold storage, refrigeration and warehousing 
facilities were available. 

There is under consideration the organization of farmer-fisherman co- 
operatives which would create a central outlet for fish and also make ar- 
rangements for the sale of the catch. Substantial savings would be effected 
through centralized purchase of gear and supplies. Tracts of land of one 
half to one acre might be distributed to present or potential fishermen. 
Such real incentives to the fishermen would undoubtedly result in an in- 
crease of the catch ; and a better system of handling and distribution of fish 
and fishery products would mean higher income and a better standard of 
living for fishermen. As in the case of salt production a thorough study 
on this industry should he also undertaken before embarking on a develop- 
ment program of this type. 
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Bark Stripping for Tannin Production. The species Rhizophora or Red 
Mangrove, most commonly used as a source of tannings, contains from 30 
to 38 per cent of tannins of the catechol group. Several hundred acres of 
this species exist in southwestern Puerto Paco. The xecent inauguration 
of a tanning industry in Puerto Paco resulted when, as a means of obtain- 
ing preservatives for fish lines and nets, the U. S. Fish and Wild Life Service 
at Mayaquez developed an economical method of extracting the tannins 
from the mangrove bark, which can compete favorably with imported 
tannin. This extract has been successfully tried out in the treatment of 
skins at tanneries located near Mayaguez and at Gataiio. It has been 
reported that the skins treated compared favorabl}^ with those treated with 
quebracho extract imported from South America. As a result of this suc- 
cessful experiment, the Insular Forest Service made available 1500 acres 
of mangrove forest at Boqueron and La Parguera. Fifty men were put 
to work cutting trees and stripping 3000 pounds of bark per da^q while the 
extraction plant employed three men. As three thousand pounds of bark 
will produce 1500 gallons of tannin extract, or enough to treat 3000 pounds 
of green hides, the equivalent of 1700 pounds of leather, and as Puerto 
Rico’s total present requirement for locally tanned leather, averages 5,000 
pounds per da^q it is estimated that approximate!}^ 150 men could be per- 
manently employed on tree cutting and bark stripping operations alone. 
Present requirements of the fishing industry are 6000 pounds of bark annu- 
ally to preserve fishing lines and nets. Future requirements may increase 
to as high as 30,000 pounds per year. 

Charcoal Production. Charcoal is used for fuel throughout the Island, 
Charcoal production will probably remain a subsidiary farming operation 
in spite of the fact that there are some mangrove forests and the Guanica 
forest belonging to the Insular Government in the southwestern part of 
Puerto Rico that might yield considerable wood for charcoal purposes. 
In general, however, wood suitable for charcoal purposes in this area does 
not exist in large quantities. 

Oihor Industries. Quarries might be opened in the huge deposits of lime- 
stone in the Lajas area in order to produce limestone for commercial uses. 
Furthermore research is needed on this subject. 

The livestock industry, if proved to be economically feasible in certain 
sections of the area, could certainly be improved by intensification along 
the line, from the better raising practices to the processing of the animals 
with the resulting by-product industries, such as the making of leather, 
glue and fertilizer. 

The tourist industry is another possibility for development in the area. 
The region has many features such as dry climate, forests, beaches, fishing 
and scenic vistas which might be very attractive to tourists. 
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Information on other industries such as needlework, the manufacture 
of clay products— pottery, tiles and bricks— is not available and it is rec- 
ommended that studies on these lines should be undertaken. 

LAND CLASSIFICATION OF THE AREA 
Introdiiction 

The importance of efficient use of the land in an Island like Puerto Rico, 
with 546 persons per square mile, is evident. Studies on land utilization 
and land classification are basic to the intelligent guidance for more effective 
land use. 

The lack of a systematic study of land use and land classification 
is acutely felt in Puerto Rico. On several occasions government officials 
and students of the Puerto Rican situation have ventured opinions on land 
use in the Island ^vhich have not been substantiated by facts. There is 
the danger that opinions of this nature may influence public action. There- 
fore, the need to provide scientific facts upon which to base public action 
is quite evident. 

Land classification studies in the United States have been very fruitful 
of results. They have served as orientation of teaching and of extension 
and research programs in agricultural economics. It has been found that 
most farm managements recommendations made without regard to land 
classes are less valuable than studies where land classes are taken into 
consideration. Land classification studies provide an excellent back- 
ground for the planning of public services to rural areas. Extension rec- 
ommendations made on the basis of land classification have a much better 
chance of favorable reception by farmers. Land use and classification 
studies yield facts which are very relevant to natural resources conservation 
programs. 

History of Land Utilization Studies in Puerto Rico 

The Department of Agricultural Economics of the Agricultural Experi- 
ment Station of the University of Puerto Rico initiated its activities in 
the year 1934. As was reasonable to expect the first years were devoted 
almost entirely to the task of gathering and analyzing basic data on the 
economic problems of the agriculture of the Island. Therefore, the first 
studies made, in line with this objective, were mostly farm management 
and t:sq)e of farming surveys of the major agricultural areas of Puerto Rico. 

In the year 1940, the first study of land use was undertaken. The ob- 
jectives of this project were to study the utilization of pasture lands from 
the standpoint of a well-rounded land use pattern and of its income and 
food producing potentialities. Surveys were initiated in two areas, 
namely, the Northwestern coast and the Tobacco region. Under this proj- 
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ect, detailed information was gathered on the use of the land by fields for 
a number of years and within the 1939-40 crop year. A total of 118 farms 
in the Northwestern section and of 196 farms in the Tobacco region were 
surveyed analyzed. 

The results of the above-mentioned study proved to be very encouraging 
and valuable. Therefore, in 1941 the Department expanded the project 
with the final objective of classifying all the lands of Puerto Rico from the 
economic standpoint. Its general objective was to help to bring about 
necessary adjustments to increase the efficiency in the use of land. The 
municipality of Caguas was selected as the best area to start with, due to 
the fact that there existed a wdde variation of physical and economic factors 
which were very valuable in arriving at the best system of land classification 
to follow in other areas. A complete land-cover map of the whole area was 
drawn. Unfortunately this project had to be postponed. The United 
States entered into World War II, and, complying with national directives, 
all the research work had to be oriented toward objectives most directly 
related to the war efforts. However, the land cover map made proved 
very valuable to the Puerto Rico Planning, Urbanizing and Zoning Board 
in the preparation of a master plan intended to determine the best location 
of communities to be established by the Land Authority of Puerto Rico 
under Title V of said program. It also proved very useful to the same 
agency in providing criteria to follow in the preparation of a map of existing 
and proposed roads of the Island. 

In the year 1942, when the idea of working a coordinated action-plan 
aimed towards the fullest development of agricultural resources in South- 
western Puerto Rico ivas conceived by several governmental officials, one 
of the fii’st points considered was the need of making an economic classifi- 
cation of the lands of said area. The information resulting was aimed to 
help in determining the possibilities for social and economic improvements 
of the area in regards to the establishment of an irrigation project, agri- 
cultural development, land tenure policies, industrialization and improve- 
ments of public services and facilities. It was decided that this phase of 
the study should be undertaken by the Agricultural Experiment Station of 
the University of Puerto Rico. 

Objectives of the Economic Classification of the Lands of 
Southwestern Puerto Rico 

The classification of the land on the basis of the intensity of use to which 
it is adapted is necessary before a desirable program of land use can be 
drafted. The general purpose of the economic study of land utilization in 
Southwestern Puerto Rico is to determine the location and extent of areas 
of land adapted to different degrees of intensity of use, and to suggest 



34 JOUENAL OE AGEICULTURE OF UNIVERSITY OF PUERTO RICO 

plans for tlie development of the resources of the area. A further purpose 
of the study is to determine the relationship between the intensity of use 
to which different classes of land are adapted and various factors connected 
wdth the organization and operation of the farms of the area. 

There are also certain specific objectives in mind. Land classification 
studies have been found very valuable in appraising lands for taxation and 
other purposes, in orienting credit and insurance agencies in their rural 
policies, in rural zoning and land use planning including such programs as 
resettlements, reforestation, recreation, reclamation and conservation proj- 
ects, in guiding standards and costs of public services, and in orienting 
teaching, education and research in agriculture as a whole. All these ob- 
jectives ^\em kept in mind when undertaking the task of classifying the 
lands of Southwestern Puerto Eico. 

Method of Procedure 

Economic land classification involves both inductive and deductive analy- 
sis. The inductive process consists of the appraisal of relative success and 
failure of various types of land use which have been tried or which still 
exist in the areas being classified. The process is hampered by the fact 
that relative or absolute success of failure cannot be imputed solely to the 
type of land use practiced. Other factors, including size of farms, con- 
ditions of tenure, availability of operating capital, and efficiency of man- 
agement are likely to be as strongly influential in determining success as 
is the type of land use. These obstacles, how^ever, can be largely over- 
come through judicious and adequate sampling. 

Farm survey records provide the best data obtainable not only because 
a record of actual land use may be reconstructed from them, but also be- 
cause detailed analysis can be made of labor and capital, costs of production 
and financial returns. The outstanding merit of farm survey records lies 
in their exposition of the relationships of land, labor, and capital in actual 
operating farm organizations. Detailed farm survey records serve their 
highest usefulness when the sample is selected in such a manner as to pro- 
vide a representative and adequate cross-section of the several land-types 
under investigation. The data thus developed are used in the evaluation 
of the specific land types. 

The purely deductive type of reasoning is best exemplified by the budget 
approach. In practice, the deductive method usually starts with, the land- 
type inventory and appraisal of climatic environment, assumptions as to 
the adaptability of various crops and livestock, and estimated yields and 
productions. Using predicted prices of farm products and calculating pro- 
ductioii cost (assuming reasonably good farm managment techniques) the 
analysis then proceeds through the farm-budget approach to construct 
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plans for %pothetically suitable farm units. Some weakness is inherent 
in this system in the extent to which the structure of logic rests upon as- 
sumptions which are not susceptible to ready verificationj and to the dis- 
proportionate influence which minor variations in imputed production, cost 
or price exercise upon the net operating income or loss which is the final 
measure of farm success. Through the deductive approach, tentative hy- 
potheses may be established with regal’d to the type of land use best adapted 
to the physical environment and within the existing or projected economic 
and social setting. These hypotheses are, however, subject to checking 
through comparison with the hypotheses arrived at through inductive 
analysis. 

The inductive and deductive processes are similar in the respect that 
both start giving full consideration to the physical characteristics of the 
soils taking into account physiographic features such as variations in soils, 
climate, relief, stoniness and native vegetation. Furthermore, both are 
used in attempting to ascertain within the limits of agronomic adaptation 
the highest economic, social and technological conditions. The results ar- 
rived at by both methods ordinarily may be expected to be in rather close 
agreement. While each has its limitations, the greatest value lies in their 
complementary rather than separate use. 

In classifying the lands of Southwestern Puei’to Rico we followed mostly 
the inductive type of reasoning. It is true, how’ever, that we were com- 
pelled to adapt our method of procedure to the limitations imposed by the 
special characteristics of the region as well as by the limited funds and time 
available to do the job. 

We had at our disposal the following basic material with which to start 
the classification: 

1. A soil survey map of the area which was prepared b^^ the United 
States Department of Agriculture in cooperation with the University 
of Puerto Rico Agricultural Experiment Station, published in 1942. 

2. A soil classes map of the area prepared by the Soil Conservation 
Service at San Juan, Puerto Rico in the year 1942. The soil types of 
the whole area were associated into eight different classes according 
to their use capabilities from the soil conservation point of view. 

3. A Geological Survey topographic map of the area prepared by the 
United States Department of Interior. 

4. A road map of the area prepared in the year 1942 by the Puerto Rico 
Planning and Urbanizing Board which includes primary and munic- 
ipal roads either existing or proposed. 

5. A map of land tenancy of the area prepared by the Puerto Rico 
Planning, Urbanizing and Zoning Board in the year 1943. 

6. A total of 240 farms^ management records taken in the area f or the 



36 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


crop year 1942-43. These farms were selected in such a manner as 
to provide a representative and adequate cross-section of the whole 
area. The survey 'vvas made in the year 1943 by the Department of 
Agricultural Economics of the Agricultural Experiment Station of the 
University of Puerto Rico. The results obtained from this farm man- 
agement survey are presented in a later section of this study. 

With this material on hand we had enough basis to start the economic 
land classification of the area. The only thing missing was a land-cover 
map. Using the topographic map as a base, a number of enumerators 
visited the area and a map showing the use of all the land was prepared. 
The scale of the topographic map used is such that 1 inch on the map equals 
25,000 inches on the ground. Other maps available were converted to this 
same scale. A series of symbols were used in the map to represent the 
different land uses found as well as the farm buildings and other features 
such as irrigation pumps, electric lines, salinas, etc. This map Avas brought 
to the office where boundaries of the different land use areas were carefully 
dravm. 

In determining the boundaries of the different economic land classes, 
the topographic map was first used. All the information on the road map 
prepared by the Puerto Rico Planning and Urbanizing Board was trans- 
ferred to the topographic map Tentative land-class boundaries were 
traced on the topographic map by superimposing the information available 
on the soils association map prepared by the Soil Conservation Service, 
and that of the land-cover map prepared by the Department of Agricultural 
Economics. The roads information, the topographic map, the soils asso- 
ciation map and the land-use map were found to be in general agreement. 
The lines around areas of different economic land classes were finally drawn 
on the map after harmonizing doubtful areas through sound judgment 
and best loiowledge of the region. 

The final map prepared was based primarily on intensity of land use. 
A total of eight different economic land classes were drawn and enumerated. 
The higher the number the less intensively the land was used. A copy of 
this map is presented at the back. 

The different economic classes finally established were defined as follows: 
R — Recreational and residential lands. 

I — Level lands in intensive agricultural use and requiring no special 
conservation and/or drainage practices. 

II— Level lands in intensive agricultural use but requiring special 
drainage and/or irrigation practices. 

Ill— Lands in intensive agricultural use but with insufficient rainfall 
and/or rough topography therefore requiring irrigation and/or 
complex conservation practices. 
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IV — Level lands in extensive agricultural use with insufficient rain- 
fall and/or drainage problems. 

V — Rolling lands in extensive agricultural use with lack of rainfall 
and/or insuffi.cient water retention. 

VI — Lands in extensive agricultural use with insufficient rainfall and 
rough topography. 

VII — Lands in extensive agricultural use but best suited for forestry 
and/or recreational purposes. 

VIII — Lands out of agricultural use. 

The final work done was the comparison- of the different economic land 
classes with respect to various factors. For this purpose the 240 farms 
surveyed in the area were localized in the map and the land class predom- 
inating in each one was noted. It ivas found necessary, due to the small 
number of farms that fell in certain class groups, to establish the comparison 
by combining the farms falling in land class I and II, IV and V, and VI 
and VIL A very large number of farms fell in land class III; therefore, 
these farms were left alone as a single group. Thus, a total of four differ- 
ent groups were established for comparison. The relation of economic land 
class to size of business, land use, livestock, use of pasture land, irrigation, 
rates of production, labor efficiency, farm expenses, farm receipts, farm 
earnings, and to farm mortgage indebtedness and other factors, was es- 
tablished; and the results are presented in a later section of this thesis. 

DESCRIPTION OF THE FARMS IN THE AREA 

Objectives of the Farm M anagement Stvidy 

The study of the farm management aspect of the area was considered 
by the Lajas Valley Committee to be of paramount importance in providing 
basic information to legislators, administrators, students of our economic 
life, and others who may have to counsel or act in the determination of 
agricultural policies to be followed in the improvement of the area. The 
responsibility of undertaking this study was put in the hands of the per- 
sonnel of the Department of Agricultural Economics of the Agricultural 
Experiment Station of the University of Puerto Rico. 

This study is also intended to describe briefly the farms of the area with 
regard to their set-up, land tenure, cropping system, source of income, ex- 
penses, and returns for the operation and management of the farms. It 
is attempted to discover the reasons for variations in earnings and to show 
the relationship and influence of certain factors to the financial returns of 
the farms. This will not only increase the basic knowledge of our agri- 
culture, but will also be of immediate practical value to farmers in adjusting 
farm operations, aiming towards higher profits. 
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Method of Procedure 

The Agricultural Extension Service and the Land Authority of Puerto 
Rico cooperated in gathering the field information on which this study is 
based. The survey method was used. Enumerators visited the farms and 
asked specific questions to cooperating farmers concerning their farm busi- 
ness for the year 1942-43, and the answers were recorded on a specially 
prepared form. The information given by the farmers operating larger 
farms was usually from account books. For smaller farmers the answers 
given were mostly from memory. 

The sample surveyed was elected at random, thus resulting in a repre- 
sentative cross section of the Lajas Valley area. 

TABLE 3. DISTRIBUTION OF FARMS AND CUERDAS STUDIED BY 
MUNICIPALITIES 

240 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas 

Number Per cent Per cent 

Municipality of farms of total Total Per farm of total 


Lajas 137 57 18,112 132 50 

Cabo Rojo 66 28 7,436 113 20 

Guanica 16 7 9,247 578 25 

Yauco 12 5 807 67 2 

Sabana Grande 9 3 1,023 114 3 


Total 240 100 36,625 153 100 


A total of around 260 farmers wure visited in the municipalities of Cabo 
Rojo, Guanica, Lajas, Sabana Grande and Yauco. When the enumerators 
returned from the field, each record was carefully checked and if any items 
were found missing, another visit was made. These records were rechecked 
in the office and each one was carefully analysed. Records considered to 
be not representative nor sufficiently accurate were eliminated. A total 
of 240 records ^vere finally selected for the study. 

The Farms and the Farmers 

Distribution of Farms and Cuerdas Studied 

The 240 farms studied, comprising a total of 36,625 cuerdas, were 
scattered over the five municipalities of the Lajas Valley; namely, Lajas, 
Guanica, the southern part of Cabo Rojo, the eastern part of Yauco and 
the southern section of Sabana Grande (table 3). 

Fifty seven per cent of the farms, with one-half of the cuerdas studied, 
■were located in the municipality of Lajas. Cabo Rojo ranked second as 
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to number of farms studied with a total of 28 per cent. Howeverj it in- 
cluded only one-fifth of the total acreage as compared to Guanica which, 
with only 7 per cent of the farms, comprised one-fourth of the acreage 
studied. This shows definitely that the concentration of land is greater in 
Guanica. As a matter of fact, the sugar cane farms belonging to 
the Guanica Sugar Mill which lie within the area were included in this 
survey. As a result, the farms located in Guanica were the largest in size 
and averaged 578 cuerdas as compared to 153, which is the average size of 
the farms studied. 

Only small sections of the municipalities of Yauco and Sabana Grande 
lie within the Lajas Valley area. The acreage studied in these munici- 
palities amounted only to 5 per cent of the total. It is interesting, how- 
ever, to observe the fact that the smallest farms studied, on the average, 
were located in Yauco. 

TABLE 4. LOCATION OF FARMS IN RELATION TO ROADS 


240 farms, Southwestern Puerto Rico, 1942-43 


Distance to paved road 

Number 
of farms 

Per cent 
of total 

Less than 1.0 km 

139 

58 

1.0-1. 9 

55 

23 

2. 0-2. 9 

21 

9 

3. 0-3. 9 

16 

6 

4.0 and over 

9 

4 

Total 

240 

100 


Location of Farm^ in Relation to Roads 

Transportation facilities exert a considerable influence on the farm busi- 
ness, economic relations, and social attitudes of growers. This factor is 
especially important in dealing wdth sugar cane farms because of the fact 
that sugar cane is a bulky product which needs cheap transportation from 
the field to the factory. In Southwestern Puerto Rico, which as wall be 
shown later in this report is principally a sugar cane region, good trans- 
portation is, therefore, of great significance. 

There are very good transportation facilities in Southwestern Puerto 
Rico. The majority of the farms studied are located on, or very near, 
good roads usually macadamized. As shown in table 4, 58 per cent of the 
farms studied are located at a distance of less than one kilometer to a paved 
road. Ai'ound one fourth of the farms are at a distance of from one to 1.9 
kilometers and only 4 per cent are located 4 kilometers or farther from the 
nearest paved road. 

Several important insular highways run across the area and many other 
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gravel or dirt roads are also found. These, however, do not supply the 
entire needs for roads and thus, some of the farms in the area are located 
off the roads. The Insular Government very wisely has recognized this 
situation and is planning new constructions in the area and the improve- 
ment of several existing roads. 

Land Tenure 

In Southwestern Puerto Rico as well as in the other important sugar 
cane areas of the Island, a great number of the farms are not solely owned 
by the operatoi^s. Some am totally owned, others are totally cash rented, 
and others are completely sharecropped or managed. It is also very fre- 
quent to find cases in which a combination of two or more of these differ- 

TABLE 5. LAND TENURE BY SIZE OF FARM 
240 farms, Southwestern Puerto Rico, 1942-43 


Per c e nt cuerdas 

Number Cash Share- 

Size groups of farms Owned rented cropped Managed Total 

Less than 

20.0 cuerdas 82 81 10 — 9 100 

20.0- 39.9 41 68 10 2 20 100 

40.0- 59.9 28 79 6 2 13 100 

60.0- 99.9 25 59 6 — 35 100 

100.0- 149.9 21 62 24 — 14. 100 

150.0- 249.9 17 83 6 — 11 100 

250.0- 499.9 13 79 17 — 4 100 

500.0- 999.9 7 68 32 — — 100 

1000.0 and over 6 46 18 — 36 100 

Total 240 60 17 23 100 


* Less than one per cent. 

ent types of tenure is found on a single farm. For this reason the author 
believes that the land tenure pattern of the area can be better described 
by classifying the acreage instead of the farms studied. 

A total of three-fifths of the acreage studied was reported to be owned 
by the operators, 17 per cent was cash rented and the remaining 23 per 
cent was managed (table 5). Sharecropping as a type of tenure in the 
Lajas Valley area is of very little importance. 

No direct relationship was found between type of tenure and size of farm 
as measured by total acreage. However, a little over four-fifths of the 
acreage in the farms reporting less than 20 cuerdas in total was owned by 
the operators, as compared to 46 per cent which is the case in the largest 
land-holdingvS of 1000 cuerdas or more. In other words, there seems to be 
a tendency for big land-holders to own less land, in proportion, than small 
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farm operators. Apparently they have found very effective to increase the 
size of their farm business through renting of additional lands or by oper- 
ating them under management. 

Topography of Land 

Nearly two-thirds of the land studied is of a level topography (table 6). 
The remaining one-third was classified by the enumerators as broken. 

The proportion of level land was found to increase with increases in the 
size of the farm. Evidently, big land-holders in this area as w^eli as in 
Puerto Rico as a whole, have not only been able to concentrate big ex- 
tensions of land, but have also succeeded in controlling the most fertile 
level lands of the valleys. 


TABLE 6. TOPOGRAPHY OF LAND BY SIZE OF FARMS 
240 farms, Southwestern Puerto Rico, 1942-43 


Size groups 

Number 
of farms 

Total cuerdas 
in farm 

Per cent cuerdas 
Level Broken 

Less than 

20.0 cuerdas 

82 

911 

45 

55 

20.0- 39.9 

41 

1,100 

47 

53 

40.0- 59.9 

2S 

1,381 

54 

46 

60.0- 99.9 

25 

1,893 

61 

39 

100.0-149.9 

21 

2,526 

58 

42 

150.0-249.9 

17 

3,148 

50 

50 

250.0-499.9 

13 

4,094 

64 

36 

500.0-999.9 

7 

3,909 

81 

19 

1000.0 and over 

6 

17,663 

70 

30 

Total 

240 

36,625 

65 

35 


Soil Types 

One of the striking characteristics of the soils of Puerto Rico is the wide 
number of soil types existing. For instance, in spite of the fact that the 
area under study is a relatively small one, a total of seventy different soil 
types w’-ere reported in the farms studied. This wide variation of soils is 
not only present in Puerto Rico and in this region as a whole, but also in 
each individual farm. 

Out of the 70 different soil types reported, only 13 amounted to more 
than 500 cuerdas (table 7). Among them, in order of importance, as meas- 
ured by acreage, are the Fratemidad, Aguirre and Jacana clays which 
amounted to 16, 15 and 10 per cent, respectively, of the total acreage 
studied. Although there ivere many other soil types present, none of them 
amounted to more than 6 per cent of the total acreage. 

The farms studied were located on topographic and soil maps. It was 
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possible, in this way, to arrive at the productivity rating of the different 
soil types. The productivity rating is a numerical expression of the ca- 
pacity of production of soils ranging from 1 for the most productive soil 
to 10 for the least productive. According to this rating, the most pro- 
ductive soil type reported is the Santa Isabel clay; but it amounts to only 
4 per cent of the total acreage studied. The Fraternidad and Aguirre 
cla 3 ^S 5 which are the most important from the point of view of acreage, 
ranked second in productivity. In general, the soils of the Lajas Valley 
Area can be described as of a medium to high productivity. 


TABLE 7. SOIL TATES 
240 farms, Southwestern Puerto Rico, 1942-43 


Soil type 

Number 
of cuerdas 

Per cent 
of total 

Productivity 

rating 

Fraternidad clay 

.... 5,760 

16 

2 

Aguirre clay 

.... 5,516 

15 

2 

Jacana clay 

3,814 

10 

8 

San German clay 

. ... 2,202 

6 

10 

Caguas clay 

.... 2,111 

6 

5 

Aguilita stony clay 

.... 1,583 

4 

10 

Santa Isabel clay 

. ... 1,361 

4 

1 

Aguilita clay 

.... 1,340 

4 

10 

Amelia clay 

883 

2 

5 

Mucara silty clay loam 

867 

2 

7 

Lajas clay 

636 

2 

10 

Descalabrado silty clay rolling phase 

600 

2 

10 

Lajas clay, rolling phase 

512 

1 

10 

Other*. 

... . 9,440 

26 

— 

Total 

.... 36,625 

100 

— 


Includes 57 soil types ranging from o to 4S5 cuerdas. 


Farm Population 

A total of 72 per cent of the farms studied reported population living on 
the farm (table 8). In general, a smaller per cent of the larger farms re- 
ported farm population. This fact points out again the problem existing 
in Puerto Rico relative to the squatters or “agregados.” The big land- 
holders usually live in nearby tows. They are also very reluctant to allow 
agricultural workers to live on their farms. 

The average operator's family consisted of 5.2 members for all farms 
and of 7.2 members for the farms reporting. Its average size was found 
to be larger for those families living on small farms. This corroborated 
once more the well known fact that the larger families are found among the 
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people of lower incomes and, consequently, of lower standards of living. 
Southwestern Puerto Rico is no exception. 

There are other families living on the farm which are mostly 'hgregados”, 
and relatives of the operator in the case of the smaller farms; or agricultural 
workers in the case of the larger holdings. 

As is natural to expect, the larger farms supported a larger population, 
although the burden is very probably heavier for the smaller ones. The 
total farm population on the average amounted to 24 persons per farm. 


TABLE 8. FARM POPULATION BY SIZE OF FARMS 

240 farms, Southwestern Puerto Rico, 1942-43 

Size groups 

Total 
number 
of farms 

Operator’s farm family 

Per cent Number of persons 
of farms Farms All 

reporting* reporting farms 

Other farm 
population 
(ail farm) 

Total farm 
population 





average per farm 


Less than 







20.0 cuerdas. . . . 

82 

89 

6.8 

6.1 

6.0 

12.1 

20.0- 39.9 

41 

71 

7.2 

5.1 

5.2 

10.3 

40.0- 59.9 

28 

86 

7.7 

6.6 

9.6 

16.2 

60.0- 99.9 

25 

68 

6.7 

4.6 

20.0 

24.6 

100.0-149.9 

21 

48 

7.9 

3.8 

16.7 

20.5 

150.0-249.9 

17 

59 

11.1 

6.5 

20.3 

26.8 

250.0-499.9 

13 

31 

4.5 

1.4 

20.5 

21.9 

500.0-999.9 


71 

5.6 

4.0 

57.7 

61.7 

1000.0 and over. . 

6 

16 

10.0 

1.7 

258.7 

260.4 

All farms. ...... 

240 

72 

7.2 

5.2 

18.3 

23.5 


* Families living at the farm part of the year only were not included. 


Age of Operators 

The age of the 240 operators ranged from 24 to 85 years. Only 3% were 
under 30 years of age (table 9) . The largest age group, 78 persons or 33 per 
cent of the total, was from 40 to 49 years of age. The second most impor- 
tant group, 54 heads or 23 per cent of the total were from 50 to 59 years old. 
This age distribution is about normal and compares favorably with that of 
other regions in the Island. 

Education of Operators 

The importance of the level of education of the farmers’ group has been 
emphasized in previous social and agricultural economic publications. 
Poorly educated farmers are handicapped in understanding the economic 
factors affecting earnings and are at a disadvantage in handling a farm effec- 
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tively in tliese days of commercialized agriculture and strong competition. 
Another no less important influence of the lack of education is that poorly 
educated farmers are unable to adjust their farming operations in line with 
the technical progress. Undereducated farmers, furthermore, are very 
suspicious and reluctant of papers, signature, figures, government employ- 
ees, technicians, etc., and tend to prefer the simplest and most informal ways 
of running a farm. This constitutes a heavy burden and a drawback to 


TABLE 9. AGE OF OPERATORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Age group 

Number 

Per cent of total 

Less than 30 years 

s 


3 

30-39 

44 


18 

40-49. 

78 


33 

50-59 

54 


23 

60-69 

43 


18 

70 and over 

13 


5 

Total 

240 


100 

TABLE 10. 

EDUCATION OF OPERATORS 


240 farms, 

Southwestern Puerto Rico, 1942-43 


Educational status 

Number 

Per cent of total 

Not reporting. 

24 


10 

No schooling 

Schooling; 

27 


11 

1-4 years 

77* 


32 

5-8 years 

72 


30 

High school 

26 


11 

College or Universtiy 

14 


6 

Total 

240 


100 


* Includes those reporting knowing only how to I'ead and write. 


their own business. Agriculture is a dynamic industry and farmers need to 
be educated and trained enought to keep pace with changing times. 

The fact that 11 per cent of the farmers studied did not know how to read 
and write and that 32 per cent had less than 5 years of schooling is an indi- 
cation of the tremendous educational job that is ahead (table 10). Only 11 
per cent of the operators reported highschool education and the small num- 
ber of 6 per cent had college or university training. The relative lack of 
education on the part of farmers is something that should be kept in mind 
V hen delineating any development program for the area. 
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Fanning Experience of Ope7*ators 

The framing experience of the operators of the farms studied can be 
described as very long, as shoum on table 11. 

Only 15 per cent of the total reported less than 10 years of experience and 
nearly two thirds have 20 or more years. 

TABLE 11. FARMING EXPERIENCE OF OPERATORS 
240 farms. Southwestern Puerto Rico, 1942-43 


Years farming Number Per cent of total 


Less than 10 years 36 15 

10-19 48 20 

20-29 50 21 

30-39 45 19 

40-49 35 14 

50 and over 26 11 

Total 240 100 


Organization of the Farms Studied 

Invested Capital 

The average total investment per farm for the year of the study was 
$25,675 (table 12). Of this, 82 per cent was invested in real estate, 8 per 
cent in livestock, and 7 per cent in machinery. The average per farm for 
these three items was $12,109, $2,147 and $1,803 respectively. 

The most important single item of investment was land, which accounted 
for 76 per cent of the total and averaged $19,504 per farm. 

In order of importance come livestock, machinery, and farm buildings. 
The latter, of which the operator’s house was the most important, amounts 
on the average to 5 per cent of the total or $1,354 per farm. 

Equipment made 2 per cent of the investments with an average of $599 
per farm. Supplies and other investments represented insignificant items 
and reached only to $17 per farm. 

Machinery and Equipment 

The average value of machinery and equipment per farm amounted to 
$2,402 (table 13). Machinery made three fourths of this value. 

Although only 13 farms reported investments in irrigation equipment, 
this item alone accounted for more than one half of the total value of ma- 
chinery and equipment. Irrigation equipment is very expensive and 
though badly needed in the area, it can only he afforded by the very rich 
land-holders . The same thing happens with the trucks and tractors , Only 
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very few large farmers reported them but their value per farm amounted to 
about one fifth of the total. 

The value of dairy equipment constituted a very small part of the total 
Other niiscellaneoiis items made practically all of the total equipment. 
The majority of the farmers investigated reported having other equipment 
which consisted mainl}^- of ox carts, plows, harrows, harness, chains and 
other miscellaneous tools such as hoes and ‘^machetes’l Ox carts are very 


TABLE 12. INVESTED CAPITAL 
240 farms, Southwestern Puerto Rico, 1942-43 



Per cent of 
total farms 
reporting 

Average 
value 
per farm 
(all farms) 

Per cent of 
total value 

Operator’s house 

. 77.9 

559 

2.2 

Dairy barns 

. 19.6 

53 

0.2 

Milk house 

7.9 

11 

0.1 

Equipment sheds 

. 18.3 

31 

0.1 

Houses for ‘'agregados” 

. 70.8 

262 

1.0 

Other buildings 

. 36.2 

438 

1,7 

Total buildings 


1,354 

5.3 

Aqueduct and watering places. 

. 50.8 

251 

1.0 

Land 

. 100.0 

19,504 

75.9 

Total real estate 


21,109 

82.2 

Livestock 

. 94.6 

2,147 

8.4 

Machinery 

. 26.7 

1,803 

7.0 

Equipment 

. 88.3 

599 

2.3 

Supplies 

. 11.7 

11 

0.1 

Other. 

0.1 

6 


Total 


25,675 

100.0 


* Less than 0.1 per cent. 


essential for the transportation of sugar cane from the field to railroad lines 
or to the places where it is picked up by trucks. 

Use of the Land 

Of the total acreage of the farms studied, 135 cuerdas, or 89 per cent, 
weie classified as arable (table 14). The net area under cultivation 
amounted to a total of 62 cuerdas per farm, representing 40 per cent of the 
total land area. 

The area in pasture, including aftermath, seeded pasture, clear per- 
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TABLE 13. INVESTMENT IN MACHINERY AND EQUIPMENT 


240 farms, Southwestern Puerto Rico, 1942-43 




Total Investment 





All farms 

Item 

Farms 

reporting 

Per farm 
reporting 

Amount 

Per cent 
of total 

Machinery 


s 

% 


Trucks 

. . 14 

2,001 

117 

4.9 

Tractors 

. . 16 

4,962 

331 

13.8 

Irrigation equipment 

. . 13 

23,602 

1,278 

53.2 

Other* 



17 

3.2 

Total 



1,803 

75.1 

Equipment 





Dairy 

. . 51 

56 

12 

0.5 

Other 

. . 211 

667 

587 

24.4 

Total 



599 

24.9 

Grand total 



2,402 

100.0 

* Automobiles not included. 





TABLE 14. 

USE OF THE LAND 



240 farms, Southwestern Puerto Rico, 1942-43 


Item 

Cuerdas 
per farm 

Per cent 
of total 

Net cuerdas 
per farm 
(year basis) 

Per cent 
of total 

Total area cropped 

74 


56 


Minus : 





Intercropped 

10 


4 


Doublecropped 

2 




Net area cropped 

62 

40 

52 

34 

Aftermath 



6 

4 

Seeded pasture 

11 

8 

12 

8 

Clear permanent pasture 

56 

36 

58 

38 

Wooded pasture 

11 

8 

12 

8 

Woodland 

3 

2 

3 

2 

Waste land 

5 

3 

5 

3 

Buildings, roads and fences 

5 

3 

5 

3 

Total 

153 

100 

153 

100 

Area of arable land 

..... 135 

89 




manent pasture and wooded pasture, amounted to 78 cuerdas per farm. 
This was 52 per cent of the total. Clear permanent pasture alone oc- 
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cupied an average of 56 cuerdas and represented 36 per cent of the total 
farm area. The rest of the land was in woods, waste, buildings, roads 
and fences. 

The continuous growing season which is typical of the tropics makes 
possible in Puerto Rico the utilization of the same area of cropland for 
more than one crop during the year. In Southwestern Puerto Rico, in 
spite of the fact that there is a relatively long dry season and that the 
major enterprise is sugar cane which is a year crop, intercropping and 


TABLE 15. DISTRIBUTION OF AVAILABLE PASTURE 
240 farms, Southwestern Puerto Rico, 1942-43 


Item 

Farms 

reporting 

Average 
per farm 

Per cen 
of total 



cuerdas 


Harvested pasture 

Intercropped, net equivalent 

1 


— 

Alone 

27 

0.2 

0.2 

Total 


0.2 

0.2 

Seeded pasture 

Intercropped, net equivalent 

1 

t 

— 

Alone 

78 

12.5 

15.6 

Total 


12.5 

15.6 

Permanent pasture 


Intercropped, net equivalentf 

12 

0.7 

0.8 

Aftermath, net equivalent 

206 

2.9 

3.7 

Wooded pasture, net equivalent 

82 

5.8 

7.2 

Alone 

195 

58.1 

72.5 

Total 


67.5 

84.2 

Total available pasture 

231 

80.2 

100.0 

Area pastured per animal unitf 

^ T „ A U rv A tr - 


2.9 



* Less than 0.05 cuerdas. 
t In cocoanut groves. 

t An average of 27.4 animal units per farm were pastured. 


doublecropping are practiced to some extent. The land which has been 
used for cotton or tobacco is usually planted immediately after it has been 
harvested to other minor crops such as corn, sweet potatoes, beans, etc. 
Also combinations of crops are generally planted together. A very com- 
mon practice is to intercrop corn and beans and corn or beans in tobacco, 
cotton, or sugar cane. The extent to which these farming practices were 
carried on in the farms studied is shovm in table 14, with 10 and 2 cuerdas 
of intercropped and doublecropped land respectively. 

Because of the fact that intercropping and doublecropping practices 
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are followed and that the use of the same cuerda of land may change during 
the yeaPj we attempted in table 14 to describe the use of the land on a net 
year basis. For instance^ a cuerda of land which was in corn six months 
and the rest of the year studied was left as aftermath w^as counted as one 
half net cuerda in crop and one half cuerda in aftermath. The same 
procedure was followed with the different plots of land in each farm. The 
following were the results obtained: 

The net area cropped w^as only 52 cuerdas per farm, constituting 34 per 
cent of the total. It represented a reduction of 10 cuerdas per farm as 
compared to the net area under cultivation as calculated by the previous 
general method. The ten cuerdas, on the average, were distributed as 
follows: 6 were left as aftermath; two weie whifted to clear permanent 
pasture; one w’-as abandoned as wooded pasture and the remaining one 
was planted in seeded pasture. This means that part of the land in crops 
was shifted to other uses within the year studied. The importance of this 
fact is of special interest when estimating the total available pasture during 
the year so as to arrive at a more exact figure on the carrying capacity of 
pastures (table 15). 

Distrihiition of Available Pasture 

The average acreage of available pasture per farm studied amounted to 
80.2 cuerdas (table 15). 

The term available pasture is used to mean all the pasture available on 
the farm including harvested, seeded, and permanent pasture. The 
acreage is expressed on a net year basis. In the case of intercropped 
pasture (w^hether harvested, seeded or permanent) as well as in the after- 
math, the total net-year-acreage available was given half weight in cal- 
culating the total available pasture for the farm. In other w'ords, two 
3 mar-acres of intercropped pasture or of aftermath were considered to be 
equivalent to one net acre of available pasture. The net equivalent 
available wooded pasture was calculated in the same way with the only 
difference that its equivalence was asked of the farmers themselves. It 
was done in this way because the condition of the wooded pastures as to 
its usefulness for grazing livestock is something that varies considerably^ 
on each farm. 

Permanent pasture constituted 84 per cent of the total available pasture. 
Seeded pasture ranked second in acreage with a total of 16 per cent. The 
amount of harvested pasture present w^as practical^ insignificant. We 
mean by seeded pasture that which is seeded, cultivated and grazed but 
never harvested; so as to differentiate it from the harvested pasture, which 
is seeded, cultivated, and harvested, but never grazed. 

As will be shown later in table 19, an average net total of 27.4 animal 



50 JOURNAL OP AGRICULTURE OP UNIVERSITY OF PUERTO RICO 

units were pastured per farm studied. Therefore, the carrying capacity 
of the available pasture amounted on the average to 2.9 acres per unit. 
This figure compares favorably with studies made in other areas of the 
Island. 

Crops Grown 

A ■wide variety of crops were grown in these farms in 1942-43 (table 16). 
Sugar cane was the crop with the largest acreage. An average of 42 
cuerdas were grown which accounted for nearly six tenths of the total 

T.A.BLE 16. CROPS GROWN 
240 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas grown per farm 


Crop 

Net 

Inter- Double- 
cropped cropped 

Total 

Per cent 
of total 

Sugar cane 

41.8 

0.5 

* 

42.2. 

57.4 

Corn 

8.6 

0-8 

3.0 

12.4 

17.0 

Cotton 

4.9 

* 

__ 

5.0 

6.8 

Cowpeas 

0.7 

0.1 

3.2 

4.0 

5.5 

Dry beans 

0.8 

0.1 

0.6 

1.5 

2.0 

Cocoanuts 

1.4 

— 


1.4 

1.9 

Pigeon peas 

0.8 

0.3 

0.2 

1.3 

1.8 

Sweet potatoes. 

0.7 

0.1 

0.2 

1.0 

1.4 

Tobacco 

0.3 

0.1 


0.4 

0.5 

Cassava 

0.3 

0.1 

>i« 

0.4 

0.5 

Pineapples 

0.2 

— 

— 

0.2 

0.2 

Harvested pasture 

0.2 

* 

* 

0.2 

0.2 

Other 

0.9 

0.1 

2.5 

3.5 

4.8 

Total 

61.6 

2,2 

9.7 

73.5 

100.0 

Harvested 

56.1 

0.9 

8.0 

65.0 

88.5 


* Less than 0.1 cuerda. 


acreage in crops. Following sugar cane in importance, as measured 
acreage planted, is corn with an average of 12 acres which represent a 
little less than one-fifth of the total. Cotton and cowpeas were next, 
averaging 7 and 6 per cent respectively. Other crops grown were dry 
beans, cocoanuts, pigeon peas, sweet potatoes, tobacco, cassava, pine- 
apples and harvested pastures. None of these crops amounted on the 
average to more than 2 cuerdas per farm. 

A total of 74 cuerdas of crops were grown per farm, out of which 65 
cuerdas or 88 per cent of the total were harvested during 1942-43. An 
average of 56 cuerdas out of the 65 harvested were net, and only 8 
cuerdas were intercropped. Double crops were of minor importance. 
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To summarize the crops grown on the farms studied during 194:2-43j 
table 17 has been prepared. 

An average of 74 cuerdas in crops per farm were grown. Of this 65 
cuerdas or 88 per cent of the total were harvested. The remaining 9 
cuerdas or 12 per cent were crops standing or crop losses. Inter and double- 
cropping practices were followed but to a lesser extent. Of the two 
practices, that of intercropping is more common as indicated by the fact 


TABLE 17. SUMMARY OF CROPS GROWN 
240 farms, Southwestern Puerto Rico, 1942-43 


Item 

Average 
per farm. 

Per cent 
of total 


cuerdas 


Area harvested 

Net 

56 

76 

Doublecropped 

1 

1 

Intercropped 

f. 8 

11 

Total 

65 

88 

Standing crops and others* 

Net 

6 

8 

Doublecropped 

1 

2 

Intercropped 

2 

2 

Total 

9 

12 

Totals: 

Net.... 

62 

84 

Doublecropped 

2 

3 

Intercropped 

10 

13 

Total area in crops 

74 

100 


^ Included 2 cuerdas of crop losses. 


that 13 per cent of the total crops growm on each farm, on the average, 
were intercropped. On the other hand, only 3 per cent were doublecropped. 

Crop Yields 

The yields of crops gro\vn on these farms were relatively satisfactory for 
most of the crops, if compared with the production per cuerda of the same 
crops in Puerto Rico as a whole. Yet, most of these yields, especially 
those of the minor crops, are much loiver than those obtained on farms 
previously studied in other sections of the Island. These relatively lower 
yields may be partly explained because of the fact that the year of the 
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stud}", 1942-43, was a war year and the amount of fertilizer applied was 
necessarily reduced to ivar-time restrictions. Furthermore, it should be 
remembered that the area under study is one of the driest sections of the 
Island (table 18). 

Sugar cane yields averaged 23.4 tons of cane and 2.99 tons of sugar per 
cuerda. The sucrose content, though not the tonnage, compares favorably 
with other areas. 

The 3 delds per cuerda of corn, 7.25 cwt., was relatively good, though 
much lower than those obtained in experimental trials. 

Cotton yields, 4.52 cwh, per cuerda, were lower on the average, than 
those obtained by the Northwestern growers. 


TABLE 18. CROP YIELDS 
240 farms, Southwestern Puerto Rico, 1942-43 


Crop 

Unit 

Yield per cuerda 
Alone In ter- cropped 

Total 

Sugar cane 


23.40 

— 

23.40 

Sugar cane 


2.99 

— 

2.99 

Corn 


7.96 

4.94 

7.25 

Cotton 

Cwt. 

4.52 


4.52 

Cowpeas 

Cwt. 

1.95 

0.88 

1.11 

Dry beans 


1.58 

1.02 

1.36 

Cocoanuts 

Thousands 

0.97 


0.97 

Pigeon peas 

Cwt. 

3.17 

2.00 

3.01 

Sweet potatoes 


19.42 

11.06 

18.03 

Tobacco 

Cwt. 

4.08 


4.08 

Cassava 

Cwt. 

23.40 

36.86 

24.47 

Pineapples 

Cwt. 

132.55 

— 

132.55 


Tobacco produced 4.08 cwt. per cuerda, which is far lower than the 
yields obtained in the tobacco area. The type of tobacco grown should 
be taken into consideration in measuring the significance of yields. In 
this area, the tobacco grown is mostly for chewing purposes, which is 
necessarily a lower yielder. 

Pineapples produced 132.6 cwt. per cuerda. This relatively g'ood yield 
may be partly accounted for by the fact that the soil where this crop is 
grovm in the area is very well adapted. 

Cocoanuts produced around one thousand nuts per cuerda. This yield 
is unsatisfactory as compared to the yields obtained in other cocoanut 
area of the Island. 

The yields of the other crops grown, such as pigeon peas, cowpeas, 
sweet potatoes, dry beans, cassava and others are likewise considered 
unsatisfactory. 
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No comparison is here made with normal yields in the area because 
reliable information was not available. 

Livestock 

The average number per farm of the most important animals kept on 
the farms studied is shovm in table 19. Averages were rounded up to the 
nearest figure. 


TABLE 19. AVERAGE NUMBER PER FARM OF THE MOST IMPORTANT 

ANIMALS 

240 farms, Southwestern Puerto Rico, 1942-43 


Type 


Average 
number 
(all farms 


Cows 

Heifers 

Calves 

Bulls 

Oxen 

Horses 

Mares 

Goats 

So\rs 

Small pigs 

Hens and roosters 

Chickens 

Turkeys 


11 

4 

7 

1 

7 

1 

1 

1 

1 

1 

19 

15 

1 


The farms studied reported having, on the average, a total of 11 cows, 4 
heifers, 7 calves and 1 bull. The workstock kept was mostly oxen which 
amounted to an average of 7 per farm. In addition, each farm had one 
horse and one mare. Most of the farmers kept goats but, on the average, 
only one goat was reported per farm. The greatest majority of the farmers 
reported having also swine and poultry livestock. On the average, each 
farm had one sow, one small pig, 19 hens, 15 chickens and one turkey. 

In terms of animals units,® dairy cattle was the most important group 
of livestock on the farms studied. It averaged 18.1 units per farm and 
accounted for about two-thirds of the total units of livestock present 
(table 20). 

® A measure of the average number of animals kept on a farm during a year, based 
on the amount of feed consumed and value of manure produced. A mature cow, 1 
bull, 1 ox, 1 horse or mare, 1 mule, 2 head of young stock, 5 sows or hogs or 10 pigs, 
7 goats or sheep. 50 turkeys, 100 hens or roosters and 300 chickens are each considered 
as one animal unit. 
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TABLE 20. UNITS AND VALUE OF LIVESTOCK, BY TYPES 
240 farms, Southwestern Puerto Rico, 1942-43 



Animal Units 


Value 


Type 

Per farm 

Per cent 
of total 

Pet head 

Per farm 

Per cent 
of total 





$ 


Dairy livestock 

Cows 

.... 10.91* 


84 

919 

42.8 

Heifers A 

.... 2.07 

— 

38 

159 

7.4 

Calves 

.... 3.57 


12 

86 

4.0 

Sires 

.... 0.37 

— 

125 

47 

2.2 

Bulls 

.... 1.19 

— 

35 

83 

3.9 

Total 

.... 18.11 

64,7 


1,294 

60.3 

Work-stock 

Oxen 

.... 7.39t 


95 

677 

31.5 

Horses 

.... 0.55 

__ 

66 

37 

1.7 

Mares 

.... 0.67 


44 

30 

1.4 

Colts 

.... 0.07 

_ 

26 

4 

0.2 

Mules 

.... 0.40 

— 

114 

45 

2.1 

Total 

.... 9.08 

32.5 


793 

36.9 

Goats and sheep 

.... 0.16 

0.6 

6 

6 

0.3 

Total grazing livestock 

. . . . 27.35 

97.8 


2.093 

97.5 

Poultry livestock 

Hens and roosters 

.... 0.19 

— 

1 

22 

1.1 

Chickens 

.... 0.05 

__ 


7 

0.3 

Turkeys 

.... 0.02 

— 

3 

3 

0.1 

Total 

.... 0.26 

0.9 


32 

1.5 

Swine 

Sows and boars. 

0.22 


13 

15 

0.7 

Pigs 

0.11 

— 

4 

4 

0.2 

Total. 

0.33 

1.2 


19 

0.9 

Other 

0.03 

0.1 


3 

0.1 

Grand total 

27.97 

100.0 


2,147 

100.0 


* Includes 0.03 year-average cow-units pastured temporarily on the farm, but not 
considered for the investment in cows. 

t Includes 0.24 year-average oxen-units pastured temporarily on the farm, but 
not considered for the investment in oxes. 
j: Less than 10.50. 
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Workstock was second in importance and averaged practically the 
remaining third of the total. Oxen are the most important kind of draft 
annual on these farais. They are used for plowing and fitting the fields 
but mostly for hauling the sugar cane out of the farm. Goats and sheep 
are other grazing animals found on a large number of farms but its relative 
importance is very insignificant. The total grazing livestock averaged 
27.4 animal units per farm of 98 per cent of the total. It practically made 
all of the livestock present. Swine, like poultry and other kinds of livestock 
were of minor importance and altogether did not amount to one animal 
unit per farm. Each farm reported having, on the average, a total of 28 
animal units. 

The average value per farm of all the livestock on the farms studied 
amounted to $2,147. Daily cattle, of which cows were the most important, 
made three fifths of the total investment. Dairy cows alone accounted 
for 43 per cent. Practically the remaining two fifths of the total value 
was represented by the workstock present. The average value of oxen, 
which is the most important kind of animal power, comprised almost one 
third of the total value. Measured also in terms of investment, other 
livestock present on the farms was considered to be rather insignificant. 

The quality of livestock on the farms studied in Southwestern Puerto 
Rico is not very satisfactory as may be seen by the average value per 
head of stock. For instance, the average value of dairy cows Avas $84 per 
head Avhich undoubtedly is by far below the value of a good dairy cow in 
Puerto Rico. Even oxen rate very low if compared Avith the AAurkstock 
of the big cane plantations. In conclusion, very few of the dairy animals 
are purebred. Very little selection or improvement has been practiced or 
attempted. Pastures are poor and feeding is deficient. These facts 
suggest that some effort should be directed along the line of selection and 
management to improA^e the quality of actual stock and increase its pro- 
ductive capacity. 

Expenses and Receipts 

Farm Cash Expenses. The total general farm cash expenses aAuraged 
$4,540 per farm. Hired labor accounted for $3,166, machinery and 
equipment for $371, fertilizer and insecticides for $306, taxes for $297, 
livestock feed for $46, building and building repairs for $31, rented pasture 
for $8, and other miscellaneous expenses for the remaining $315 (table 21). 

Labor Avas the outstanding item of expense on these farms. It accounted 
for seven-tenths of the total farm cash expenses. An aA^erage of $2,595 
per farm Avas spent in hired day labor alone, Avhich represented 57 per cent 
of the general farm cash expenses. Only 18 per cent of the farmers re- 
ported expenses on manager or overseer with, an average of $221 for all the 
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TABLE 21. FARM CASH EXPENSES 
240 farms, Southwestern Puerto Rico, 1942-43 


Item 

Per cent of 
all farms 
reporting 

Average per 
farm 

(all farms) 

Per cent 
of total 

Hired iabor 

Daily labor, total* 

97 

1 

2,595 

57.2 

Manager or overseer 

18 

221 

4.9 

Weekly laborj 

31 

185 

4.1 

Labor insurance 

58 

154 

3.3 

Board 

13 

11 

0.2 

Total 


3,166 

69.7 

Machinery and equipment 

Irrigation pumps, operation 

5 

114 

2.5 

Trucks : 

purchases. 

1 

12 

0.2 

operation 

7 

62 

1.4 

Tractors; 

purchases 

2 

19 

0.4 

operation 

7 

49 

1.1 

Milk wagons: 

purchases 

1 

5 

0.1 

operation 

7 

23 

0.5 

Auto: farm share 

15 

26 

0.6 

Equipment: ^ 

purchases 

35 

19 

0.4 

repairs 

53 

42 

1.0 

Total 


371 

8.2 

Fertilizer and insecticides 

Fertilizer; 

sugar cane 

59 

295 

6.5 

other crops 

5 

4 

0.1 

Insecticides 

35 

7 

0.1 

Total. 


306 

6.7 

Taxes. 

90 

297 

6.5 

Livestock feed: 

concentrates 

21 

39 

0,9 

other. 

9 

7 

0.2 

Total........ 


46 

1.1 
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TABLE 21 — Continued 


Item 

Per cent of 
all farms 
reporting 

Average per 
farm 

(all farms) 

Per cent 
of total 

Buildings; 


# 


new 

2 

10 

0.2 

repairs 

15 

21 

0.5 

Total 


31 

0.7 

Rented pasture 

10 

S 

0.2 

Other expenses 




Equipment hired 

72 

183 

4.0 

Work animals hired 

Fences; 

47 

48 

1.0 

new 

5 

4 

0.1 

repairs 

Seed purchased; 

65 

26 

0.6 

sugar cane 

8 

6 

0.1 

other 

45 

9 

0.2 

Milking materials 

8 

8 

0.2 

Ropes and twine 

78 

6 

0.1 

Marketing farm produce 

25 

5 

0.1 

Drugs and disinfectants 

45 

4 

0.1 

Horse and ox shoeing 

37 

4 

0.1 

Other 

31 

12 

0.3 

Total 


315 

6.9 

Grand total 


4,540 

100.0 


* The average total number of wages per farm reporting amounted to $2,213, out 
of which s$l,605 were for sugar cane. 

t The average total number of weeks per farm reporting amounted to 152, out of 
which 60 were for sugar cane. 

farms, constituting around 5 per cent of the farm cash expenses. Only the 
larger farms can afford to incur this expense. Thirty-one per cent of the 
farmers reported weekly labor. This item of expense amounted to $185 
on the average for all farms and made a little over 4 per cent of the total 
farm cash expenses. The expenditure for labor insurance was reported in 
58 per cent of the farms. It amounted to $154 per farm, on the average, 
or to over 3 per cent of all cash expenses. Board to laborers is a rather 
insignificant expenditure but is important from the point of view of the 
few farmers who incurred that t3^pe of expense. Mostty smaller farmers 
continue this practice and are mainly those whose major enterprise is other 
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than sugar cane. This can be described as a ^'cultural hang-over” which 
has been disappearing little by little with the gradual appearance of our 
present system of commercial farming. 

Machinery and equipment ranked second to labor in importance among 
the general farm cash expenses, with an average of 8 per cent ot the total. 
Of this the most important single expenditure was that of the operation of 
irrigation pumps. Although only 5 per cent of the farmers reported this 
expenditure, it amounted to an average of $114 per farm for all farms, 
and made 2.5 per cent of all cash expenditures. The other single item of 
machinery and equipment expenses are of minor consideration. 

Fertilizer and insecticides expenses followed in importance, accounting 
for 6.7 per cent of all farm cash expenses. Most of the fertilizer was applied 
to sugar cane which alone made for 6.5 per cent of the total farm cash 
expenses. Very few farmers reported buying fertilizer for other crops. 
The insecticides purchased were mostly Paris Green, wheat flour, lead 
arsenate, and hydrated lime. These were purchased mostly the farmers 
growing cotton and/or tobacco. 

Among all other items of expenditure it is important to point out that 
of rented pasture, not for the amount that it represents, but for its signifi- 
cance considering the great scarcity of pasture in the area during the pro- 
longed dry season. Only 10 per cent of the farms studied reported this 
expenditure which amounted to the very insignificant amount of $8 per 
farm during the year. The bigger land holders are the only ones who can 
afford to rent pasture. However, smaller farmers seem to manage them- 
selves well enough to feed their livestock, probably by grazing it on free 
pastures provided by surrounding big land-holders or by feeding cane tops 
during the harvesting months. Surprisingly, in spite of the alleged seri- 
ousness of this problem of pastures, no attempt has been made so far by 
either the farmers or the agricultural agencies of the Island to explore the 
possibilities of solving this problem with practices such as growing hay 
pastures or maintaining silos for the season. Apparently the prol)lem has 
not been serious enough, from the economic standpoint, to stimulate the 
farmers or the agencies to work for its definite solution. 

Crop Sales, Crop sales amounted to $5,507 per farm studied (table 22). 
Sugar cane is the outstanding enterprise. It constituted the most im- 
portant source of income as indicated by the fact that it accounted for 
nearly mne-tenths of the total crop sales and averaged $4,768 per farm. 
The price paid to farmers per ton of sugar cane delivered was $5.47. This 
price includes only the average amount of money received by the farmer 
from the sugar mill per ton of sugar cane delivered. It does not include 
the deduction which, according to the grinding contract, is made by the 



SOCIO-ECONOMIC STUDY OF SOUTHWESTERN PUERTO RICO 


59 


sugar mill for the processing of the sugar cane; nor does it include A.A.A. 
and rebated transportation payments made to the growers. 

No other individual crop, aside from sugar cane, stood out as particularly 
important, on a commercial scale, for all the farms. Corn and cotton were 
second in importance, averaging each around v$260 per farm and repre- 
senting 5 per cent each of the total sales of crops. The receipts from 
tobacco, which ranked third, contributed $110 per farm, or 2 per cent of 
the total crop sales. 

The average value per farm of the sales of most of the crops was very 
low. For instance, sales of cocoanuts, sweet potatoes, pineapples, cowpeas, 


TABLE 22. CROP SALES 
240 farms, Southwestern Puerto Rico, 1942-43 




Amount 
sold per 
farm 


Sales 

Crop 

Unit 

Price per 
unit 

Per farm 

Per cent 
of total 




$ 



Sugar 

Tons 

872.4 

5.47 

4,76S 

SS.6 

Corn 

.... Cwt. 

72.5 

3.60 

261 

4.7 

Cotton 

.... Cwt. 

22.3 

11.57 

258 

4.7 

Tobacco 

.... Cwt. 

1.4 

81.48 

110 

2.0 

Cocoanuts 

.... Thousands 

1.4 

20.61 

28 

0.5 

Sweet potatoes 

.... Cwt. 

9.6 

1.76 

17 

0.3 

Pineapples 

.... Cwt. 

10.1 

1.54 

16 

0.3 

Cowpeas 

.... Cwt. 

1.7 

6.59 

11 

0.2 

Pigeon peas 

.... Cwt. 

1.3 

6.23 

8 

0.1 

Dry beans 

Cwt. 

0.9 

8.43 

8 

0.1 

Cassava 

Cwt. 

2.3 

1.54 

3 

0.1 

Other 

— 

— 

— 

19 

0.4 

Total 




5,507 

100.0 


pigeon peas, dry beans, cassava and other crops, made only 2 per cent of 
the total receipts from sales of crops. They may have constituted im- 
portant source of income for a few individual farms, but not for all farms 
as a whole. Most of these minor crops are grown for home use, and only a 
few farms sell part of their production, especially those harvesting con- 
siderable quantities above their consumption needs. 

Prices received by the farmers studied in 1942-43 were neither low nor 
too high. They can be better described as slightly high, in general. 
Tobacco prices seem to be exceptionally high, with an average price re- 
ported of $81.48 per hundredweight. It should be remembered, though, 
that this is chewing tobacco which is processed at the farm. The price 
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reported is that received by the farmer at the farm for the processed 
product. 

Livestock Products. The total value of all livestock products on the 
farms studied averaged $845 per farm. Sales represented three-fourths of 
their total and almost one-fifth was used by the operator’s family. The 
remaining part was given away to “agregados” and others (table 23), 

Milk was the most important livestock product. Its sales averaged 
6,722 quarts per farm with a total value of $615. The family used an 
average of 1,381 quarts and a total of 32 quarts per farm were given away. 
Total milk production on these farms averaged 8,639 quarts and amounted 
to v$798perfarm. 


TABLE 23. LIVESTOCK PRODUCTS 
240 farms, Southwestern Puerto Rico, 1942-43 


Used by 


Quan- Quan- Quan- Quan- 

Product tity Value tity Value tity Value tity Value 

$ $ $ $ 
Average per farm 

Milk, quarts 6,722 615 1,381 132 536 51 8,639 798 

Eggs, dozens 29 12 62 27 9 4 100 43 

Other 3 1 * 4 

Total 630 160 55 845 

Per cent 75 19 6 100 


* Less than $0.50. 


Eggs were the only other important livestock product. An average of 
100 dozen were produced per farm, out of which 29 were sold, 62 used by 
the family and the rest were given away. The total average value of egg 
sales per farm amounted to $12; those used by the family to $27 and an 
average value of $4 was given away. The total value of eggs produced 
per farm amounted to $43 per farm, on the average. 

Farm Privileges. The farm privileges include the value of products 
from the farm used for home consumption and those given away, plus the 
rental value of the operator’s dwelling. On the farms studied they 
amounted to an average of $456 per farm (table 24). 

Livestock products, which averaged $215 per farm and represented 
almost one-half of the total, accounted for the major proportion of the 
farm privileges. The yearly rental value of the operator’s dwelling with 
$118 per farm was second in importance, representing a little over one- 
fourth of the total value of farm privileges. Crops privileges averaged 
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$60 or 14 per cent of the total, livestock $31 or 7 per cent, and wood aver- 
aged $20 accounting for only 4 per cent of all farm privileges. The value 


TABLE 24. FARM PRIVILEGES 
240 farms, Southwestern Puerto Rico, 1942-43 


Item 

Average 
value 
per farm 


Per cent 
of total 

Livestock products* 

S 

215 


47 

Rent value of dwelling 

118 


26 

Crops* 

60 


14 

Livestock 

31 


7 

Wood 

20 


4 

Charcoal 

6 


1 

Other 

6 


1 

Total 

456 


100 

* Includes livestock products and crops given away. 



TABLE 25. MISCELLANEOUS RECEIPTS 


240 farms, Southwestern Puerto Rico, 

1942-43 



Per cent 
of all 
farms 
reporting 

Average 
per farm 
(all farms) 

Per cent 
of total 

Benefit payments: 


t 


Sugar 

78 

1,482 

84.9 

Other 

69 

30 

1.7 

Sugar cane transportation rebates 

67 

123 

7.1 

Machinery and equipment hired 

9 

51 

2.9 

Custom grazing 

6 

20 

1.1 

Labor off farm 

9 

13 

0.7 

Work animals hired 

11 

10 

0.6 

Charcoal sold 

5 

5 

0.3 

Lumber and wood sold 

4 

4 

0.2 

Rent of farm buildings 

6 

4 

0.2 

Seed sold 

3 

1 

0.1 

Other 

8 

3 

0.2 

Total 


1,746 

100.0 


of charcoal and other farm privileges represented insignificant amounts, 
each one accounting for only one per cent of the total. 

Miscellaneous Receipts. Besides the receipts from crop .sales and live- 
stock and livestock products sold, the farmers of the Lajas Valley studied 
had some additional income from other miscellaneous sources connected 
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with the farm business. The total for these miscellaneous receipts 
amounted to an average of $1,746 per farm (table 25). Most of the misceh 
laneous receipts came directly from sugar cane. The benefit payments 
made by the Agricultural Adjustment Administration were by far the 
outstanding item among the miscellaneous receipts. These payments 
amounted to an average of $1,482 per farm or nearly 85 per cent of the 
total. If to this amount are added the payments made to sugar cane 
growers by the sugar mill for sugar cane transportation rebates, which 
amounted to $123 on the average and which constituted 7 per cent of the 
total, then the miscellaneous receipts derived from the sugar cane enter- 
prise represented alone over nine-tenths of the total miscellaneous receipts. 

Of all the other miscellaneous items of receipts only those of machinery 
and equipment hired, soil conservation payments and custom grazing are 
worth mentioning. Although only 9 per cent of the farmers — the larger 
ones — reported hhing machinery and equipment, this item accounted for 
nearly 3 per cent of all miscellaneous receipts. Soil conservation pay- 
ments made to farmers as compensation for the adoption of certain farm 
practices, accounted for about 2 per cent of the total. Custom grazing, 
that is, renting pasture, to outsiders, accounted for the insignificant amount 
of one per cent of the total miscellaneous receipts. All other items to- 
gether, such as labor off farm, work animals hired, sales of charcoal, 
lumber and wood, rent of farm buildings, sales of seed and other amounted 
together on the average to $40 per farm and represented only 2.6 per cent 
of the total miscellaneous receipts. 

Summary of Expenses and Returns. A brief summary of the general 
aspects of the farm organization and an insight into the financial returns 
of the farms studied is presented in table 26. 

The average total receipts amounted to $8,212 per farm, A little over 
two-thirds came from crop sales, 8 per cent from livestock products sold, 
3 per cent from livestock sold, 21 per cent from miscellaneous receipts and 
only 1 per cent came from a net increase in the inventory of the farm during 
the year. This net increase in inventory is also a part of the total receipts. 

It is definitely established here that Southwestern Puerto Ilico is not 
mainly a livestock area as is the impression of many people in the Island. 
It is primarily a sugar cane region. 

The total farm expenses averaged $4,676 per farm. The general farm 
cash expenses accounted for the greater bulk of the total expenses, repre- 
senting 98 per cent of them. Livestock bought during the year accounted 
for one per cent. The value of the unpaid family labor is also considered 
as an expense in the farm and it made only one per cent of the total farm 
expenditures. 

The average total receipts exceeded the average total expenses on these 
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TABLE 26. SUMMARY OF EXPENSES AND RETURNS 
240 farms. Southwestern Puerto Rico, 1942-43 


Item 


Receipts; 

Crop sales 

Livestock products sold. . 

Livestock sold 

Miscellaneous receipts 

Net increase in inventory, 


Total 


Average Per cent 

per farm of total 


$5,507 

67 

630 

8 

273 

3 

1,746 

21 

56 

1 


Total receipts 


$8,212 100 


Expenses: 

Farm cash expenses $4,540 98 

Livestock bought 60 1 

Unpaid family labor 74 1 

Unpaid animal and machine work 2 


Total expenses 


$4,676 100 


Farm income $3 , 536 

Interest on capital 1,540 


Labor income $1,996 

Farm privileges 456 

Labor earnings $2,452 

Value of operator's time $453 

Return on capital. $3,083 

Capital invested $25,675 

Per cent return on capital 12.0 

Capital turnover 3.1 

Net farm cash income $3,556 

Return on labor $5,692 

Man equivalent 7.7 

Return on labor per man $738 


farms by $3,536. This balance represents the farm income, or the amount 
which the farmer received for his year's ivork, and the use of the capital 
invested. In order to put. all farms on a comparable basis, regardless of 
capital investment, 6 per cent interest on the average capital invested was 
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deducted from the farm income to obtain the labor income. Therefore, 
labor income represents what the farmer received for a yearns labor and 
management. In addition, the operator usually lives in the farm house 
and uses crops, livestock, and other products of the farm in his home. 
These last items are not considered in the determination of labor income. 

The average total labor income per farm was $1,996. This means that 
the average total receipts of these farms were enough to pay the total 
farm expenses and to cover the interest on the average capital invested, 
and that the farmer received $1,996 for his year’s work. The labor earn- 
ings of these farms, which are obtained by adding the $456 of farm privi- 
leges to the labor income, amounted to $2,452. Labor earnings is a very 
reliable measure of profitableness in a farm; however, its use is limited by 
the fact that it is very difficult to estimate with great accuracy the privi- 
leges of the farm. For this reason, labor income is many times preferred as 
a measure of farm profits. 

The farm income minus the value of the operator’s time, as estimated 
by the farmer himself, gives the return on capital. The farm income 
represents, as already explained, the income from capital and operator’s 
labor. The average value of the operator’s time for these farms was 
estimated as $453. This amount, subtracted from the total average 
farm income (s$3,536) gives the return on capital, which averaged $3,083. 

The return on capital, expressed as a percentage of the average capital 
invested ($25,675) gives the per cent return on capital. These farms had a 
per cent return on capital of 12 per cent. The per cent return on capital 
is an important measure of success from the standpoint of the person who 
contributes the capital. Where land is a limiting factor, as in Puerto 
Rico, because of its scarcity, or because of its high value, the per cent 
return on capital is of particular importance as well. 

The capital turnover measures the time in years that it takes the farm 
receipts to equal the capital invested. Dividing the average capital 
(25,675) by the average total receipts (8,212) we found the capital turn- 
over of these farms, which was 3.1 years. 

If we add the farm cash receipts and from them subtract the sum of all 
cash expenses, we get the net farm cash income. For the farms studied, 
the net farm cash income was $3,556. This represents the amount on 
which the farmer can draw to meet his family cash expenses, and to pay 
his debts and the interest on any mortgage with which the farm may be 
encumbered. It is obvious that with the net cash income they obtained 
the farmers in general were in very good shape in the year studied. 

The labor earnings plus the value of the unpaid family labor plus the 
cash labor expenses gives the return on labor. For the farms studied it 
averaged $5,692 per farm. This measure of return is of more significance 
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if it is expressed in terms of the men employed on the farm; that is, return 
on labor per man equivalent. It is not only of interest from the economic 
point of view, but to some extent from the social point of view as wmlL 
The reason is that it is a rough indication of the amount of money upon 
which each man employed on the farm, on the average, can rety for his or 
his family’s living. Therefore, it is consequently a rough indication of 
their average standard of living. With an average man equivalent of 7.7 
men per farm, these farms provided a $738 return on labor per man in the 
year 1942-43. This amount is considered by other farms studied in other 
sections of the Island. 

FACTORS AFFECTING FARM EARNINGS 

The analysis of the factors influencing farm earnings is one of the main 
objectives of the farm management study undertaken in the Lajas Yalley 
area. It has been found that returns from farming vary considerably 
from farm to farm, within a given group. It is therefore important to 
find the reasons for these variations. 

The labor income, as has been already stated, is preferred to others as a 
measure for the profitableness of a farm. The earnings of a farm are 
generally expressed in terms of labor income. However, a high labor 
income may not ahvays be an entirely dependable index of proficiency in 
farming. Earnings may have been very high under the most favorable 
conditions and, conversely, they may have been too low^ to be profitable, 
even for the best farms, when conditions have been remarkably unfavor- 
able. The ability of a farm to pay better than other farms of similar 
characteristics and under similar conditions ^vhich make the aggregate of 
the region, may be a pretty good indication of its relative efficiency, 
although not of its general success as a business enterprise. Therefore, 
comparisons have to be established to find out why, under a given set of 
conditions, some farms are more successful than others. 

The farmers investigated in the Lajas Valley have different interests in 
farming. The smaller in size (and this group constituted the great major- 
ity) are more concerned with what they get from the farms for their own 
time. The remaining fe\v but larger farmers, on the contrary, are more 
interested in what they obtain as returns for the use of the capital invested. 
For this reason, other measures of profitableness besides labor income and 
labor earnings are used wherever possible, to measure the variation in 
success on these farms; namely, return on capital, per cent return on capital 
and capital turnover. 

Differences in earnings between individual farms, or between representa- 
tive groups of farms, may be explained by their comparative rating in 
certain factors, as of size, intensity of land use, labor efficiency, rates of 
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production, combination of enterprises, farm mechanization, and other 
upon which the profits of farming generally depend. The most renumera- 
tive business set-up is the one which excels in more of the important factors, 
or which best combines a number of them to a greater advantage. 

An attempt has been made to discuss in this section some of the factors 
which affected the financial returns of the farms studied in Southwestern 
Puerto Rico, for the crop year 1942-43. In order to establish the existing 
relationships, the farms have been divided into groups according to their 
standing in the individual factors considered. 

Relation of Size of Business to Farm Earnings and Other Factors 

A farm enterprise needs sufficient size of business in order to be profit- 
able. As a rule, the larger farms make the better profits because of their 
advantage over small farms of being able to use more efficiently the factors 
of production and marketing. However, this is true within certain limits 
since there are certain circumstances under which this relationship does 
not work. Unfavorable years, for instance, may cause the most serious 
drawbacks to profits in farming. When the weather conditions have been 
very poor, or prices very low, it is very likely that the farms which de- 
veloped the greatest activities have the largest losses. Furthermore, 
beyond a certain top limit of size, labor is less efficiently used and therefore 
in situations of very expensive labor, large farms cannot compete advanta- 
geously. In appraising the effects on earnings of the factors determining 
size of business, these considerations have to be kept in mind. 

Several measures of size of business were related to earnings and other 
factors; namely, total capital invested, total cuerdas in farm, cuerdas in 
sugar cane, tons of sugar cane harvested, and man equivalent. The 
main reason for using more than one size factor was to observe consistencies 
or variations in the relationships found. The results found are presented 
in the pages to follow. j,. 

Total Cafital Invested 

Capital invested is a very good measure of the size of the farms in the 
area. Its relationship to farm earnings and other factors is shown in 
tables 27 to 36 presented below. 

Other Size Factors. The relationship of total capital invested to other 
size factors is demonstrated in table 27. 

The total cuerdas in farm as well as the net cuerdas harvested increased 
definitely with increases in the capital invested. The same relationship 
was observed as to the cuerdas and the tons of sugar cane harvested, 
however, the differences in tons of sugar cane produced can be described 
as substantially high. On the contrary, although the acreage in tobacco, 
cotton and corn was also found to increase in direct relationship with the 
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capital invested, the increases were not as significant. The iiiimber of 
men employed in the farms studied, as measured by man equivalent, 
increased directly with capital. The investment in machinery and equip- 
ment showed very significant increases with increases in farm capital, 
especially in the largest group of farms. 

TABLE 27. RELATION OF TOTAL CAPITAL INVESTED TO OTHER SIZE 

FACTORS 

240 farms, Southwestern Puerto Rico, 1942-43 

Invest- 

Cuerdas irient 

Cuerdas Tons in in 

Total Net in of tobacco, machin- 

Total capital invested Number cuerdas cuerdas cane cane cotton Man ery and 


of in bar- bar- bar- and equiv- equip- 

K-ange Average farms farm vested vested vested corn alent ment 

$ S S 

Less than 1,500 1,046 24 10 6 2.9 54 4.4 1.4 32 

1.500- 2,499. 1,911 47 13 8 5.5 93 2.4 l.S 39 

2.500- 4,999 3,582 38 23 13 7.8 120 5.4 2.4 82 

5,000- 9,999 6,989 44 46 25 13.6 243 11.6 3.3 300 

10.000- 19,999 14,283 40 102 49 24.4 448 28.6 5.8 488 

20.000- 39,999 28,552 25 174 83 48.3 845 32.1 8.8 879 

40,000 and over 196,286 22 1,109 330 252.0 6,791 56.0 47.6 23,453 


TABLE 28. RELATION OF TOTAL CAPITAL INVESTED TO INTENSITY OF 
LAND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent 
total 

bar- Equip- 
Per cent vested ment 
Percent net land invest- 

of bar- in ment 

Eco- arable vested tobacco, per 

Total capital invested Number nomic Percent land land cotton cuerda 


— of land land bar- in and bar- 

Range Average farms class arable vested cane corn vested 

$ ^ $ 

Less than 1,500 1,046 24 4.3 89 72 46 48 5 

1.500- 2,499 1,911 47 3.6 93 66 67 23 5 

2.500- 4,999 3,582 38 3.6 89 63 60 32 6 

5,000- 9,999 6,989 44 3.7 93 59 53 35 12 

10.000- 19,999 14,283 40 3.7 91 53 49 44 10 

20.000- 39,999 28,552 25 3,7 92 52 58 33 11 

40,000 and over. 196,286 22 2.5 87 34 76 16 71 


To summarize, total capital invested was directly related to other size 
factors studied, although in varying degrees of significance. 

Intensity of Land Use and Other Factors, The total investment of 
capital was also related to the intensity with which the land was used and 
various other factors. It is attempted in table 28 to describe the relation- 
ships found. 
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As stated in a previous section of this report, the intensity of land use in 
each farm studied was determined after completing the land classification 
of the area. For the purpose of the study of relationships the average land 
class of each group of farms was calculated. This is probably not the best 
procedure to follow since the average land class is a very generalized con- 
cept; however, it serves the purpose of indicating to some extent the 
intensity of land use in each group of farms. 

Although a very straight relationship was not found between capital 
invested and economic land class, it is definitely demonstrated that the 
largest farms are located on the best lands and that, conversely, the 
smallest farms are situated on the poorest lands. The per cent of arable 
land on the farms studied showed practically no variation with increases 
in capital. A smaller percentage of the arable land is cultivated on the 


TABLE 29. RELATION OF TOTAL CAPITAL INVESTED TO LIVESTOCK 
240 farms, Southwestern Puerto Rico, 1942-43 


Total capital invested 


Range 


Average 


Number 

of 

farms 


S I 

Less than 1 , 500 1 , 046 24 

1.500- 2,499 1,911 47 

2.500- 4,999 3,582 38 

5,000- 9,999 6,989 44 

10.000- 19,999 14,283 40 

20.000- 39,999 28,552 25 


Per cent is of 
Total Per cent produc-produc- 


Per cent 

cow Per cent Average 
units invest- value 
ment 


animal grazing tive 


tive 


live- 


units units units units stock 


3.0 
3.2 

7.0 
10.1 
17.6 
30.2 


86 

89 

90 

94 

95 
99 


64 
75 
66 

65 
58 
63 


40,000 and over 196,286 22 196.3 99 63 


53 

54 

56 
59 

57 
66 
63 


18 

11 

13 

11 

10 

8 

8 


pec 

produc- 

tive 

unit 

59 

65 

62 

74 

77 

72 

72 


larger farms. The larger farms showed also higher percentages of the net 
area harvested planted to sugar cane. On the contrary, the percentages 
planted to other less important crops in the area, such as tobacco, cotton 
and corn, decreased with increases in the size of the farm, as measured by 
total capital invested. This fact shows very convincingly that the degree 
of specialization increased as the size of the farm business increased and 
that, on the other hand, diversification was greater on smaller farms. 
This higher specialization permitted these farms to mechanize to a larger 
extent as is shown in this table in which a direct relationship was observed 
between the investment in machinery and equipment per net cuerda 
harvested and farm capital. The most significant increase is that which 
occurred between the last two groups of farms, that is, from $11 to $71 
per, cuerda. 

Lwestock. The relationship of the total capital invested to the livestock 
kept on the farm is shown in table 29. 
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The total animal units kept on the farm were found to increase with 
increases in size as measured by total farm capital. The per cent con- 
stituted by the grazing livestock was also found to be in direct relationship 
with capital investments. However, the per cent of the total livestock 
classified as productive did not show any significant variations. By 
productive livestock it is meant all the livestock of the farm excluding 
only the work stock. So, the relative number of work stock as well as 
that of productive livestock on the farms studied remained rather constant, 
regardless of size. The proportion of productive animal units made by 
dairy-cows varied in direct relationship with capital. In other words, 
the farms with larger capital investments had a higher proportion of 
dairy-cow units. A straight relationship between the per cent investment 


TABLE 30. RELATION OF TOTAL CAPITAL INVESTED TO USE OF 

PASTURE LAND 

240 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas in available 
pasture 


Cuerdas in clear 
permanent 
pasture 


Per cent 

Per of Per cent Per cent 

grazing total of of 

Total capital invested Number live- cuerdas total avail- 


of stock in arable able 

Range Average farms Total unit farm land Total pasture 

I I 

Less than 1,500.. .. 1,046 24 3 1.2 30 34 3 100 

1.500- 2,499 1,911 47 4 1.4 29 32 4 100 

2.500- 4,999 3,582 38 8 1.3 36 41 7 88 

5,000- 9,999 6,989 44 19 2.0 41 45 16 86 

10.000- 19,999 14,283 40 42 2.5 41 46 32 76 

20.000- 39,999 28,552 25 81 2.7 46 50 73 91 

40,000 and over.. .. 196,286 22 642 3.3 58 66 540 84 


in livestock and farm capital \vas not observed. However, there exists a 
tendency for it to decrease with increases in capital investment. The 
average value per productive animal unit on the farm was in direct relation- 
ship with the total capital invested. This indicates the fact that the larger 
sized farms had better quality livestock than the smaller farms. It is 
obvious that they could afford to buy better animals. 

Use of Pasture Land. We attempted to discover any relationship that 
may exist between total capital invested and pastures and use of pasture 
lands. Findings are she™ in table 30. 

The total number of cuerdas in available pasture, increased as the farm 
capital increased. The larger farms reported having more cuerdas in 
available pasture per grazing livestock unit. The larger sized farms also 
reported having a higher proportion of the total cuerdas in the farm, as 
well as a higher percentage of the total arable land, devoted to pastures. 
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The am omit of permanent pasture alone was larger for the farms with 
larger capital investments. The per cent that it constituted of the total 
available pasture, however, showed a tendency to decrease with increases 
in size. This is very interesting, since it indicates that the larger farms 
have improved their pastures to some extent by having very probably a 
higher proportion of their total available pasture in seeded and harvested 
pastures. 

Irrigation, The relation of total capital invested to irrigation in the 
area is something of much interest to observe. Table 31 presents the 
relationships found. 

It is definitely demonstrated here that irrigation is practiced by the 
very few largest farms in the area. The smaller farms reported having no 

TABLE 31. RELATION OF TOTAL CAPITAL INVESTED TO IRRIGATION 
240 farms, Southwestern Puerto Rico, 1942-43 

Investment in Cuerdas of sugar 

irrigation equipment cane irrigated 

Per Per 

cuerda cuerda Percent Percent 


Total capital invested 

Range Average 

umber 

of 

farms Total 

of 

cane 

har- 

vested 

of 

cane 

irri- 

gated 

Per cent 
of 

total 

capital 

Total 

of 

total 

arable 

land 

of 

cane 

har- 

vested 


$ 


s 

$ 






Less than 1,500 

. 1,046 

24 

0 

0 

0 

0 

0.0 

0.0 

0.0 

1,500" 2,499. . 

1,911 

47 

0 

0 

0 

0 

0.0 

0.0 

0.0 

2,500- 4,999. . 

. 3,582 

38 

0 

0 

0 

0 

0.0 

0.0 

0.0 

5,000- 9,999, . 

. 6,989 

44 

0 

0 

0 

0 

0.2* 

0.5 

1.7 

10,000-19,999. . 

. 14,283 

40 

74 

3 

‘53 

1 

1.4 

1.5 

5.7 

20,000-39,999. . 

. 28,552 

25 

0 

0 

0 

0 

0.0 

0.0 

0.0 

40,000 and over 

. 196,286 

22 

13,811 

55 

94 

7 146.6 

15.2 

58.2 

Irrigated wi 

th outside equipment 








investment at all in irrigation equipment. Some of the farms in the group 
ranging in capital from $5,000 to $10,000 reported some sugar cane lands 
irrigated, but it was done with outside equipment. A few farms in the 
group, ranging from $10,000 to $20,000 in capital investment, were the 
first to report irrigation equipment. Practically all the irrigation equip- 
ment of the area studied belongs to those farmers who reported a capital 
investment of $40,000 or over. Consequently, nearly all the sugar cane 
lands irrigated were the property of these farmers, too. 

Rated of Ft oduetion and Labor Efficiency, Definite relationships were 
found between the rates of production and labor efficiency as measured 
by several different factors, and size of farm as measured by capital in- 
vested (table 32). 

The larger farms had higher rates of production as shown by a higher 
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tonnage of sugar cane per cuerda and more quarts of milk produced per 
cow unit. As to the crop index (excluding sugar cane), the smaller farms 
showed a tendency to have higher yields. The crop index, as calculated, 
included only the crops which on the average are considered of secondary 
importance in the area. The larger farms specialized more in sugar cane, 
as shown before, and paid very little attention to these minor crops. The 
main reason why they planted a few cuerdas of these crops was to comply 
with the requirements of the Agricultural Adjustment Administration in 
order to qualify for sugar cane benefit payments. Consequently, the 
yields obtained by these larger farms were on the average lower. 


TABLE 32. RELATION OF TOTAL CAPITAL INVESTED TO RATES OF 
PRODUCTION AND LABOR EFFICIENCY 
240 farms, Southwestern Puerto Rico, 1942-43 


Total capital invested 

tfi 

s 

*0 

-Q 

s 

tct 

.£ 

% 

o 

a 

-o 

Cl S 

ns of cane per 
uerda 

arts of milk per 
ow unit 

Net cuerdas harvested 
per man 

erdas in cane har- 
ested per man 

ns of cane per man 

1 

V 

> 

•S 

3 == 

gS 

turn on labor per 
laii 

5 

V 

S 

u 

tfl 

Range 

Average 

a 

2 

u 

Eh "" 

o> 

3 ^ 

u 

o 

H 

ri e 

u 

"J s 

PS 

'3 

% 

Less than 1,500 

S 

1,046 

24 

105 

19 

708 

4.4 

2.0 

37 

S 

723 

S 

489 

$ 

518 

1,500- 2,499 

1,911 

47 

109 

17 

707 

4.6 

3.1 

53 

1,078 

501 

597 

2,500- 4,999 

3,582 

38 

115 

15 

763 

5.4 

3.3 

50 

1,501 

542 

635 

5,000- 9,999 

6,989 

44 

100 

18 

847 

7.8 

4.2 

75 

2,143 

721 

962 

10,000-19,999 

14,283 

40 

96 

18 

816 

8.5 

4.2 

77 

2,456 

740 

990 

20,000-39,999 

28,552 

25 

125 

17 

621 

9.4 

5.5 

96 

3,255 

741 

1,103 

40 , 000 and over 

196,286 

22 

92 

27 

820 

6.9 

5.3 

143 

4,124 

783 

1,238 


The fact that they obtained more tons of sugar cane to the acre is easily 
explained. As demonstrated before, these farmers had the better lands 
and were the only ones who enjoyed the privilege of irrigating most of 
their cane lands. Furthermore, they applied to advantage more units of 
production per cuerda, as will be later shovni. 

In relation to the higher production of milk per cow, it happened some- 
what similarly. These farms had not only more and better pastures but 
also better animals, and, very surely, they fed them better too. 

The efficiency in the use of labor was definitely higher on the farms with 
larger capital investments. The larger farms reported more net cuerdas 
in crops harvested, and more cuerdas in sugar cane harvested per man. 
However, the largest group of farms, above $40,000 in capital invested, 
were below the maximum of efficiency as measured by these factors, 
showing a definite decline beyond certain limits. The larger farms, with 
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higher yields and a larger acreage in cane per man, produced more tons of 
sugar cane per man 

The capital invested per man, which also indicates to some extent the 
efficiency in the use of capital, increased consistently with increases in 
size. Finally, the return on labor and the gross income per man were 
larger for the larger sized farms. 

There is no doubt about the fact that the larger farms studied had higher 
rates of production both in crops and animals. They also used more 
efficiently the labor employed on the farm, but apparently up to a certain 
limit, beyond which it shows a tendency to decline. 

Farm Expenses. Farm expenses were found to be directly related to 
size of farms, as measured by total capital invested (table 33). 

TABLE 33. RELATION OF TOTAL CAPITAL INVESTED TO FARM 

EXPENSES 

240 farms, Southwestern Puerto Rico, 1942-43 

Farm cash expenses Hired labor expenses 

Per Per Per cent 

Total capital invested Number total net of total 


of cuerda cuerda cash 

Range Average farms Total harvested harvested Total expenses 

§ $ $ $ S $ 

Less than 1,500.... 1,046 24 320 35 51 153 48 

1.500- 2.499 1,911 47 465 45 56 243 52 

2.500- 4,999 3,582 38 661 39 51 375 57 

5,000- 9,999.. 6,989 44 1,507 45 59 827 55 

10.000- 19,999 14,283 40 2,770 43 56 1,741 63 

20.000- 39,999 28,552 25 4,987 51 60 3,204 64 

40,000 and over.... 196,286 22 33,322 94 101 24,750 74 


Obviously the total farm cash expenses increased with increases in farm 
capital. What is more significant is that the farm cash expenses per total 
cuerda harvested and per net cuerda harvested showed marked tendencies 
to increase in the same direction. The larger farms spent not only more 
money for hired labor but also this item of expense accounted for a larger 
percentage of the total farm cash expenditures. The apparent conclusion 
that could be drawn from the above facts is that the larger farms applied 
more units of production per cuerda, and that a larger proportion of the 
labor force on the smaller farms is accounted for by the unpaid labor 
available. 

Farm Receipts, In table 34 it is attempted to present the relation of 
total capital invested to farm receipts. 

The total farm gross income was, as is logical, larger for the larger sized 
farms, as measured by total capital invested. The per cent of the gross 
income accounted for by crop sales showed a tendency to increase with 
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increases in size; but the tendency is more marked in the case of the per 
cent of the income derived from sugar cane. Sugar cane acreage and 
tonnage, as previously shown, increased consistently wdth increases in 
size. The relative importance of the income from tobacco, cotton and 
corn tended to diminish as the size of the farms increased. This finding 
agrees with the previous fact shown that the acreage planted to these 
crops wns also of less relative importance in the larger farms. Although 
no clear straight relationship was observed between the per cent of the 
income derived from livestock and livestock products with capital invested, 
the tendency is for the larger farms to have a larger percentage. 

It is wurth mentioning here that the per cent crop sales is of the total 
value of crops harvested increased directly with increases in farm capital. 


TABLE 34. RELATION OF TOTAL CAPITAL INVESTED TO FARM 

RECEIPTS 

240 farms, Southwestern Puerto Rico, 1942-43 


Total capital invested 

Number 

of 

farms 

Total 

farm 

gross 

income 

Per cent 
income 
from 
crop 
sales 

Per cent 
crop 
sales 
is of 
total 
crops 
value 

Per cent 
income 
from 
cane 

Per cent 
income 
from 
tobacco, 
cotton 
and 
corn 

Per cent 
income 
from 
live- 
stock 
and 

product^ 

Range 

Average 

$ 

$ 


$ 






Less than 1 , 500 . . 

1,046 

24 

748 

59 

90 

62 

14 

6 

1,500- 2,499.... 

1,911 

47 

1,058 

60 

92 

73 

9 

8 

2,500- 4,999. . . .' 

3,582 

38 

1,516 

59 

91 

64 

12 

11 

6,000- 9,999 .... 

6,989 

44 

3,138 

61 

96 

63 

16 

9 

10,000-19,999, ... 

14,283 

40 

5,778 

65 

97 

63 

19 

S 

20,000-39,999. . . . 

28,552 

25 

9,679 

63 

98 

69 

11 

9 

40,000 and over . . 

196,286 

22 

58,910 

67 

99 

81 

3 

12 


This shows that the smaller farmers consumed at the farm a larger share 
of the crops harvested. The larger farmers are not only more specialized 
in sugar cane growing, the crop of w^hich is entirely sold, but also they sell, 
on the average, most of the crops grown. 

Farm Earnings. In general, farm earnings as measured by different 
factors, increased with increases in the size of the farm, as measured by 
total capital invested (table 35). 

The return on the capital invested was directly related to size, but no 
relationship was observed with the per cent return on capital. How^ever, 
the farms ranging from $5,000 to $10,000 in total farm investments, had 
the highest per cent return on capital. Beyond this point it diminishes 
to a level for the largest farm slightly above that of the smallest ones. 
The capital turnover increased consistently with increases in the size of 
farm. A significant direct relationship was also found between size of 
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farm and return on labor, net farm cash income, labor income and labor 
earnings. Size of farms is, definitely, very closely associated with the 
profitableness and success of the farms of the Lajas Valley Area. 

Farm Mortgage Indebtedness and Other Factors, Other miscellaneous 
factors, among which farm mortgage indebtedness was included, were 
also related with total capital invested (table 36). 


TABLE 35. RELATION OF TOTAL CAPITAL INVESTED TO FARM 

EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 


Total capital invested > 

Per cent 

'umber Return return Capita 
of on on turn- 

farms capital capital over 

Return 

on 

labor 

Net farm 
^ cash 
income 

Labor 

income 

Labor 

earnings 

Range 

Average 

!8 

$ 

1 


$ 

S 

$ 

% 

Less than 1 , 500 . 

1,046 

24 106 

10.2 1.40 

708 

368 

276 

502 

1,500- 2,499. . . 

1,911 

47 220 

11.5 1.80 

888 

517 

357 

586 

2,500- 4,999. .. 

3,582 

38 329 

9.2 2.36 

1,293 

711 

437 

787 

5,000-0,909. .. 

6,989 

44 1,128 

16.1 2.23 

2,352 

1,408 

1,049 

1,453 

10,000-19,999. .. 

14,283 

40 2,292 

16.0 2.48 

4,304 

2,677 

1,859 

2,442 

20,000-39,999. .. 

28,552 

25 3,729 

13.1 2.95 

6,504 

4,041 

2,739 

3,278 

40,000 and over. 

. 196.286 

22 21.827 

11.1 3.33 

37,276 

22,224 

11,367 

12,519 

TABLE 36. 

RELATION OF TOTAL CAPITAL INVESTED TO FARM 

MORTGAGE INDEBTEDNESS AND OTHER FACTORS 



240 farms, Southwestern Puerto Rico, 1942-43 






Distance 

Farm mortgage indebtedness 





to 


Per 

Per 





nearest 


total 

cent 

Total capital invested 

Number 

Farm 

paved 


cuerda 

of 



of Age of popu- 

road 


in 

total 

Range 

Average 

farms operator lation 

(kms.) 

Total 

farm 

capital 

1 

$ 




$ 

% 


Less than 1,500. 

1,046 

24 54 

11 

1.2 

15 

2 

1 

1,500- 2,499. . 

1,911 

47 50 

12 

0.9 

37 

3' 

2 

2,500- 4,999. . 

3,582 

38 51 

14 

1.3 

37 

2 

1 

5, 000- .9, 999. . 

6,989 

44 49 

14 

0.7 

304 

7 

4 

10,000-19,999 . . 

14,283 

40 47 

23 

1.0 

1,242 

12 

9 

20,000-39,999 . . 

28,552 

25 44 

20 

0.7 

2,748 

16 

10 

40,000 and over. 

196,286 

22 51 

102 

0.5 

6,952 

6 

4 


The size of the farm was found to have no relationship with the age of 
the operator. The farm population, however, showed to be in direct 
relationship with size. This indicates the same fact pointed out in a 
previous section of this report. It was found also that, although no straight 
relationship was observed, there was a tendency which indicates that the 
larger farms are located closer to paved roads than the smaller ones. 

The farms with larger capital had, on the average, larger mortgage 
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indebtednesses, as expressed in absolute figures. However, when expressed 
in terms of total ciierdas in the farm and as a per cent of the total capital 
invested, a direct relationship was found to exist up to the group of farms 
below $40,000 in total capital investments. The largest group of farms 
showed a significant decline which is a clear indication of their more solid 
economic solvency. 

Total Cuerdas in Farm 

The second measure of size of the farms studied which was related to 
farm earnings and other factors, was total cuerdas in farm. The relation- 
ships found are presented in tables 37 to 44. 

Other Size Factors, In table 37 the relationships of total cuerdas in 
farm to other size factors are shoiwa. 

TABLE 37. RELATION OF TOTAL CUERDAS IN FARM TO OTHER SIZE 

FACTORS 

240 farms, Southwestern Puerto Rico, 1942-43 

Cuerdas in Investment 

tobacco, in 

Total cuerdas in farm Number Total Net Cuerdas Tons of cotton Man machinery 

of capital cuerdas in cane cane and equiva- and 

Range Average farms invested harvested harvested harvested corn lent equipment 


® $ 
Less than 10. 7 34 1,606 5 3.1 56 1.4 1.4. 43 

10- 19 14 48 2,502 10 6.5 117 4.0 1.9 76 

20- 39 27 41 4,449 16 9.5 164 5.8 2.5 157 

40- 59 49 27 7,952 27 15.7 267 11.0 3.8 251 

60- 99 75 26 12,888 44 27.0 576 IS.O 5.5 371 

100-199 136 31 21,858 73 42.8 729 28.6 7.6 911 

200 and over. 822 33 138,709 244 172.3 4,556 60.0 34.3 15,764 


The same relationships found in the case of total capital invested were 
observed in this case too. As the size of the farms studied increased, 
measured by the total cuerdas in farm, the total capital invested, the net 
cuerdas harvested, the acreage in sugar cane and the tons of cane harvested, 
the acreage in tobacco, cotton and corn, the number of men employed on 
the farm as well as the investment in machinery and equipment increased 
consistently. No inconsistencies or variations could be observed. 

Intensity of Land Use and Other Factors. The relationship found be- 
tween total cuerdas in farm and economic land class was not as clear as 
that observed when the size of the farm was measured in terms of capital 
invested. The variations of economic land class \vith increases in size, 
as measured by total cuerdas in farm, are not considered to be very signifi- 
cant. However, in both cases, the largest farmers showed the lowest 
economic land class, which means that they own the better lands (table 38) . 
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The per cent of arable land showed variations with size which, as in 
the case of capital invested, were considered to be insignificant. In the 
same way, the proportion of the land used for sugar cane increased with 
increases in size, as well as the investment in machinery and equipment 
per net cuerda cultivated. The per cent of the total cuerdas cultivated 
which was planted to tobacco, cotton and corn showed no downward trend 
with size increases, as w^as in the case of capital invested. Both the low- 
est and the largest groups of farms had a lowest percentages of the land 
devoted to these secondEiry crops. The farms in the middle sized groups 
showed very small variations. 

Livestoch, No inconsistencies wei'e observed between the relationships 
of size to livestock when size was measured by either total capital invested 


TABLE 38. RELATION OF TOTAL CUERDAS IN FARM TO INTENSITY OF 
LAND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per Per Per cent 
cent cent total 

of net harvested Equipment 

Per arable har- land in investment 

Total cuerdas in farm Number Economic cent land vested tobacco, per 

of land land bar- land cotton cuerda 

Range Average farms class arable vested in cane and corn harvested 

$ 

Less than 10 7 34 3.4 90 79 65 22 9 

10- 19..... 14 48 3.8 93 74 67 31 8 

20- 39 27 41 3.8 89 65 61 31 10 

40- 59 49 27 3.6 93 60 58 32 9 

60- 99 75 26 3.5 92 64 61 31 8 

100-199 136 31 3.8 93 58 59 33 12 

200 and over 822 33 3.3 87 34 71 22 65 


or total cuerdas in farm. In table 39 the relationships of total cuerdas 
in farm to livestock are presented. 

A direct close association was found between total cuerdas in farm and 
total animal units, per cent grazing livestock units, and per cent dairy 
cow units is of productive animal units. The per cent that the productive 
livestock of the farm constituted of the total animal units remained rather 
constant. A tendency, though not a direct relationship, was observed for 
the larger farms to have a smaller percentage of its capital invested in 
livestock. 

Use of Pasture Lands. In table 40 it is attempted to show the relation- 
ships that existed between total cuerdas in farm and use of pasture land. 

As in the case of total capital invested, total cuerdas in farm was in 
direct relation to total cuerdas in available pasture, to the cuerdas in 
aAmlable pasture per grazing livestock unit, to the proportion of the farm 
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in pasture and to the per cent that the cuerdas in available pasture con- 
stituted of the total arable land. Similarly, it was also found that the 
total number of cuerdas in clear permanent pasture increased vith size, 
and that the proportion it constituted of the total available pasture, 
conversely, tended' to decrease as size of farms decreased. No inconsistent 


TABLE 39. RELx\TION OF TOTAL CUERDAS IN FARM TO LIVESTOCK 
240 farms, Southwestern Puerto Rico, 1942-43 


Total cuerdas in farm 

Nu 

Per 

Per cent 

im- Total cent produc- 

of animal grazing tlve 

ms units units units 

Per cent 
cow units 
is of 
produc- 
tive 
units 

Per cent 
invest- 
ment in 
live- 
stock 

Range 

Average far 

Less than 10 


7 34 3.5 

86 

69 

50 

15 

10-19 


14 48 3.8 

87 

74 

54 

12 

20- 39 


27 41 6.2 

93 

60 

59 

10 

40- 59 


49 27 10.5 

93 

59 

56 

11 

60- 99 


75 26 12.5 

95 

60 

59 

7 

100-199 


139 31 24.5 

97 

60 

60 

9 

200 and over 


822 33 145.2 

99 

64 

63 

8 

TABLE 40. 

RELATION OF TOTAL CUERDAS IN FARM TO USE OF PASTURE 




LAND 






240 farms, Southwestern Puerto Rico, 1942-43 





Cuerdas in available pasture 









— Cuerdas in clear per- 




Per 

Per 

Per 

manent pasture 




cent 

cent of 

cent 






grazing total 

of 


Per cent 

Total cuerdas in farm 

Number 

live- 

cuerdas 

total 


of 



of 

stock 

in 

arable 


available 

Range 

Average 

farms 

Total unit 

farm 

land 

Total 

pasture 

Less than 10 

7 

34 

2 0.5 

22 

25 

2 

100 

10-19 

14 

48 

4 1.1 

26 

28 

4 

100 

20- 39 

27 

41 

9 1.5 

33 

38 

8 

89 

40-59 

49 

27 

17 1.8 

35 

38 

16 

94 

60- 99 

75 

26 

29 2.4 

38 

41 

21 

72 

100-199 

136 

31 

54 2.3 

40 

43 

44 

81 

200 and over 

822 

33 

478 3.3 

58 

67 

404 

85 


relations to use of pasture land were found when either one of the two 
measures of size were used. 

Rates of Productio7i and Labor Efficiency. Total cuerdas in farm was in 
direct association with rates of production and labor efficiency (table 41). 

As a measure of size, total cuerdas in faim showed the same relation to 
rates of production as total capital invested. Crop index (excluding sugar 
cane) tended to be larger for the smaller farms. The tons of sugar cane 
produced per cuerda showed increases with increases in size. The only 
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difference found in the relationships studied which contrasted with that 
observed in capital invested was the quarts of milk produced per cowuinit. 
Capital invested showed to be directly associated while total ciierdas in 
farm showed no apparent relationship. 

Labor efficiency was found also to increase with increases in the total 
ciierdas in farm. This was true within certain limits of size beyond which 
it started to decline. The highest efficiency, as measured by net cuerdas 
harvested and cuerdas in sugar cane harvested per man, was found to 
exist in the group of farms ranging from 100 to 199 cuerdas in size. The 
tons of sugar cane produced per man did not show a consistent direct 
relationship; hoivever, there was a marked tendency to increase as the 
total cuerdas in farm increased. The capital invested per man showed the 
same direct close association with size. The farms that had the largest 


TABLE 4L RELATION OF TOTAL CUERDAS IN FARM TO RATES OF 
PRODUCTION AND LABOR EFFICIENCY 
240 farms, Southwestern Puerto Rico, 1942-43 


Total cuerdas in farm 

Aver- 

Range age 

Num- 
ber of 
farms 

Crop 

index 

(exclud- 

ing 

cane) 

Tons of 
cane 
per 

cuerda 

Quarts 

of 

milk 

per 

cow 

unit 

Net 

cuer- 

das 

har- 

vested 

per 

man 

Cuer- 
das in 
cane 
har- 
vested 
per 
man 

Tons 

of 

cane 

per 

man 

Capi- 

tal 

in- 

vested 

per 

man 

Re- 

turn 

on 

labor 

per 

man 

Gross 

in- 

come 

per 

man 










$ 

$ 

% 

Less than 10 

7 

34 

139 

18 

809 

3.5 

2.2 

41 

1,157 

480 

540 

10- 19 

14 

48 

89 

18 

1,017 

5.1 

3.4 

61 

1,305 

538 

706 

20- 39 

27 

41 

96 

17 

774 

6.3 

3.8 

66 

1,801 

658 

811 

40- 59 

49 

27 

122 

17 

780 

7.2 

4.2 

71 

2,119 

653 

834 

60- 99 

75 

26 

96 

21 

754 

8.1 

4.9 

105 

2,347 

822 

1,127 

100-199 

136 

31 

108 

17 

629 

9.6 

5.6 

96 

2,880 

758 

1,067 

200 and over. 

822 

33 

100 

26 

809 

7.1 

5.0 

133 

4,046 

765 

1,204 


return on labor were those having between 60 to 99 total cuerdas in size. 
The highest gross income per man was reported by the largest farms. 

Farm Expenses, A direct relationship between total cuerdas in farm 
and farm expenses was observed in the farms studied (table 42). 

The total farm expenses increased with increases in size, as measured 
by the total cuerdas in farm. This same relationship was found in the 
case of capital invested. Tendencies were also observed for the farm 
expenses per total cuerda harvested and per net ciierda harvested to in- 
crease as the total cuerdas in farm increased. Similarly, the total expenses 
in hired labor were larger for the larger farms, and it constituted a larger 
percentage of the total farm cash expenses. 

Farm Receipts. The total farm gross income was found to increase 
consistently with increases in the total cuerdas in farm (table 43). This 
relationship was identical with the one observed with capital invested. 



SOCIO-ECONOMIC STUBY OF SOUTHWESTERN PUERTO RICO 


79 


In the same way, the size of farm, as measured b}’' total acreage, was 
ill direct association ivith the per cent income from crop sales, the per 
cent income from sugar cane and with the per cent that the crop Ksales is 
of the total value of crops harvested. In the case of the per cent income 
from tobacco, cotton and corn, the relationships found varied somewhat. 
The smaller as well as the larger farms reported the smaller percentages. 

TABLE 42. RELATION OF TOTAL CUERDAS IN FARM TO FARM 

EXPENSES 

240 farms, Southwestern Puerto Rico, 1942-43 


Farm cash expenses 


Expenses in 
hired labor 


Total cuerdas in farm 

Num- 
ber of 
farms 

Total 

Per 

total 

cuerda 

har- 

vested 

Per 

net 

cuerda 

har- 

vested 

Total 

Per 
cent of 
total 
cash e.x- 
peiises 

Range 

Average 




$ 

S 

S 

$ 


Less than 10 

7 

34 

274 

42 

57 

108 

39 

10-19 

14 

48 

674 

52 

69 

319 

47 

20-39 

27 

41 

848 

45 

55 

485 

57 

40-59 

49 

27 

1,540 

45 

57 

961 

62 

60-99 

75 

26 

3,107 

54 

70 

1,910 

61 

100-199 

136 

31 

4,059 

46 

56 

2,609 

64 

200 and over 

822 

33 

23,178 

86 

95 

17,109 

74 


TABLE 43. RELATION OF TOTAL CUERDAS IN FARM TO FARM 

RECEIPTS 

240 farms, Southwestern Puerto Rico, 1942-43 


Total cuerdas in farm 


Total farm 
gross income 

Per cent 
income 
from 
crop 
sales 

Per cent 
crop 
sales is 
of total 
crops 
value 

Per cent 
income 
from 
cane 

Percent 
income 
from to- 
bacco, cot- 
ton and 
corn 

Per cent 
income 
from live- 
stock and 
products 

Range 

Average 

of farms 

Less than 10 . 

7 

34 

$ 

750 

50 

88 

62 

6 

13 

10- 19 

.. . 14 

48 

1,352 

57 

93 

72 

6 

13 

20- 39 

... 27 

41 

2,003 

64 

94 

68 

17 

6 

40-59 

. . . 49 

27 

3,129 

66 

96 

68 

17 

6 

60-99 

. . . 75 

26 

6,187 

64 

97 

76 

9 

5 

100-199 

... 136 

31 

8,101 

66 

98 

71 

13 

7 

200 and over . 

. . . 822 

33 

41,293 

66 

99 

77 

5 

12 


The middle sized ones reported the larger. The reverse happened in 
regard to the per cent income from livestock and livestock products. The 
extreme sized farms had the highest percentages of their mcome from this 
source, while the middle sized farms reported the lower percentages. 

Farm Earnings. Farm earnings, as in the case of capital invested, 
showed to be larger for the larger sized farms, as measured by total acreage 
in farm (table 44). 
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Tlie return on capital was directly related to total cuerdas in farm. 
The per cent return on capital increased up to the group of farms ranging 
between 60 to 99 cuerdas. Above this acreage in size, the per cent return 
on capital declined consistentlju The capital turnover showed a tendency 
to increase as the total cuerdas in farm increased; however, the relation- 
ship found was not as consistent as the one observed when size wms meas- 
ured b}^ total capital invested. Return on labor, labor income and labor 
earnings were closel3^ associated mth size as measured by total farm 
acreage. The^’’ increased consistently as the size increased. This cor- 
roborates once more the great influence that size of farm business had on 
the financial success of the farms studied in the Lajas Valley Area in the 
3^ear 1942-43. 


TABLE 44. RELATION OP TOTAL CUERDAS IN FARM TO FARM 

EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 


Total cuerdas in farm 

Number 
of farms 

Return on 
capita] 

Per cent 
return 
on 

capital 

Capital 

turnover 

Return 
on labor 

Labor 

income 

Labor 

earnings 

Range Average 




S 



% 

s 

$ 

Less than 10. 

7 

34 

147 

9.1 

2.14 

667 

256 

490 

10-19 

14 

48 

302 

12.1 

1.85 

1,031 

415 

666 

20- 39 

27 

41 

678 

15.2 

2.22 

1,625 

730 

1,046 

40- 59 

49 

27 

969 

12.2 

2.54 

2,450 

866 

1,356 

60- 99 

75 

26 

2,479 

19.2 

2.08 

4,513 

2,085 

2,520 

100-199 

136 

31 

3,174 

14.5 

2.70 

5,757 

2,452 

3,043 

200 and over. 

822 

33 

15,266 

11.0 

3.36 

26,225 

8,089 

9,107 


Cuerdas m Sugar Cane Harvested 

Cuerdas in sugar cane harvested is another measure of size which was 
related to farm earnings and other factors in addition to the two previously 
discussed; namel}’', total capital invested and total cuerdas in farm. The 
results of the relationships studied are presented in tables 45 to 55 which 
follow. As previously" shown in this report, only 186 farms of the 240 
studied in the Lajas Valley" had sugar cane planted in 1942-43. The 
relationships were established with cuerdas in sugar cane harvested; 
therefore, the information regarding the 54 farms which did not plant 
sugar cane Avas not included. These 54 farms, on the average, Avere found 
to be larger in size than the first tAA"o groups of farms reporting feAver 
. cuerdas in sugar cane haiwested. 

Other Size Factors. Table 45 shoAvs the relationship of cuerdas in sugar 
cane harvested to other size factors. Because of the fact that sugar cane 
is the major enterprise in the farms of the area, it is considered to be a good 
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measure of size of business. As in the case of the two previous size factors 
studied, cuerdas in sugar cane harvested is directly associated with all 
other size measures selected. Total capital invested, total cuerdas in 
farm, net cuerdas harvested, tons of sugar cane harvested, cuerdas in 
tobacco, cotton and corn, man equivalent, and investment in machinery 
and equipment, all increased as the cuerdas in sugar cane increased. 

TABLE 45. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 

OTHER SIZE FACTORS 
186 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas 

in to- Invest- 

Net Tons of baccD, ment in 

Cuerdas in sugar cane harvested Total Total cuerdas cane cotton Man machinery 


^Number capital cuerdas har- har- and equiva- and 

Range Ai^erage of farms invested in farm vested vested corn lent equipment 

$ $ 

Less than 5.0 3.0 35 3,289 26 10 47 7.3 2.0 64 

5.0- 9. 9 7.6 47 4,372 26 12 134 3.5 2.3 128 

10.0- 19.9 13.5 36 7,658 44 27 215 13.7 3.5 229 

20.0- 49.9 31.7 31 13,226 126 50 573 10.5 5.4 515 

50.0- 99.9 64.1 21 26,871 143 89 1,203 19.9 9.2 1,063 

100 and over 354.3 16 245,706 1,271 416 9,417 40.1 61.9 31,729 


TABLE 46. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 
INTENSITY OF LAND USE AND OTHER FACTORS 
186 farms, Southwestern Puerto Rico, 1942-43 

Per cent 

Per Per cent total har- 
cent net vested 

Eco- Per of ara- har- land in Equipment 

nomic cent ble land vested tobacco, investment 

Number land land har- land in cotton per cuerda 
of farms class arable vested cane and corn harv^ested 

- 


Less than 5.0 3.0 35 4,0 86 46 29 55 6 

5.0- 9. 9 7.6 47 3.5 86 51 65 24 11 

10.0- 19.9 13.5 36 3.2 93 67 50 44 S 

20.0- 49.9 31,7 31 3.1 74 54 63 IS 10 

50.0- 99.9 64.1 21 2.6 93 66 72 20 12 

100.0 and over 354.3 16 1.9 90 36 85 9 76 


Cuerdas in sugar cane harvested 
Range Average 


Intensity of Land Use and Other Factors. In table 46, cuerdas in sugar 
cane harvested was also related to intensity of land use and other factors. 

It is definitely shown here, once more, that the best lands were in the 
hands of the larger farmers, as shovm by the consistent decline of the 
economic land class with increases in size, as measured by cuerdas in 
sugar cane harvested. The per cent of arable land showed no relation- 
ship with size, and it varied very little as to the average per cent which 
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it constituted of tlie total farm acreage. The per cent of the arable land 
which was cultivated, contrary to the tendencies of decreasing with size 
increases which was observed before, did not show any significant rela- 
tionship with cuerclas in sugar cane harvested. However, the largest 
farms had always the smallest percentage. The proportion of the net 
ciierdas harvested which was in sugar cane, showed again the tendency of 
increasing with size increases. The proportion of the total cuerdas har- 
vested which was in tobacco, cotton and corn, as observed before, tended 
to decrease as the size of the farm increased. The investment in machinery 
and equipment per net cuerda harvested, tended to increase with increases 
in size. 

Livestock, As the size of the farms studied increased, the total animal 
units on the farm showed consistent increases too (table 47) . 


TABLE 47. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 

LIVESTOCK 

186 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas ia sugar cane harvested 

Range Average 

Number 
of farms 

Total 

animal 

units 

Per 

cent 

grazing 

units 

Per cent 
produc- 
tive 
units 

; Per cent 
cow units is 
of produc- 
tive units 

Per cent 
invest- 
ment in 
livestock 

Average 
value per 
productive 
unit 

Less than 5.0 , 

3.0 

35 

6.3 

92 

70 

54 

14 

5 

70 

5.0- 9.9 

7.6 

47 

6.6 

92 

72 

60 

10 

60 

10.0-10.0 

... 13.5 

36 

10.0 

96 

62 

66 

11 

84 

20.0-49.9 

... 31.7 

31 

19.6 

97 

67 

60 

11 

62 

50.0-99.9 

... 64.1 

21 

21.9 

97 

52 

57 

6 

72 

100,0 and over. . 

... 354.3 

16 

220.1 

99 

60 

64 

7 

68 


The grazing livestock of the farms showed also to be consistent in its 
relationship vuth size. It increased as the cuerdas in sugar cane harvested 
increased. The population of the livestock which was productive showed 
again no significant variation with size and furthermore, the relative 
amounts did not vary too much either. Cuerdas in sugar cane harvested 
and the relative amounts of cow-units on the farm showed but a slight 
tendency, if any, to be related with each other. Perhaps there exists a 
very slight tendency to increase with size increases, but it cannot be con- 
sidered significant. In the case of the relative importance of the invest- 
ments in livestock measured in terms of the total investment, it showed a 
marked tendency to decrease as size increased. The quality of the produc- 
tive livestock, as measured by its average value per' unit, was found to 
show no significant , relationship vith cuerdas in sugar cane harvested. 

L'se of Paskire Land, Table 48 is presented to show the relation of 
cuerdas in sugar cane harvested to use of pasture land. 
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The total number of cuerdas in available and clear permanent pasture 
increased with size increases, as measured by cuerdas in sugar cane har- 
vested. The cuerdas in available pasture per grazing livestock unit did 
not show any significant relationship with this measure of size, as was the 
case Avith the capital invested and total farm acreage. The same happened 
Avith the per cent that the available pasture constituted of both the total 
cuerdas in farm and of the total arable land. The extreme sized farms, 
though, showed the highest percentages. In this respect, cuerdas in 
sugar cane harvested differed from the other measures of size. The per 
cent that the clear permanent pasture Avas of the total available pastures 
showed again the tendency to decline Avith increases in size. 


TABLE 48. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 
USE OF PASTURE LAND 
186 farms, Southwestern Puerto Rico, 1942-43 


Cuerdas in 
clear perma- 

Cuerdas in available pasture nent pasture 


Per Per Per Per cent 

grazing cent cent of 

Cuerdas in sugar cane harvested in live- of total of total avail- 


Number stock cuerdas arable able 

Range Average of farms Total unit in farm land Total pasture 


Less than 5.0 3.0 35 14 2.4 53 62 11 79 

5.0- 9. 9 7.6 47 10 1.7 38 44 10 100 

10.0- 19,9 13.5 36 13 1.4 30 32 12 92 

20.0- 49.9 31.7 31 42 2.2 34 45 39 93 

50.0- 99.9 64.1 21 46 2.2 32 34 42 91 

100 and over 354.3 16 741 2.2 58 65 631 85 


Irrigation, Irrigation practices were carried on mostly in the larger 
farms studied. In table 49, where size of farm is measured by cuerdas 
in sugar cane harvested, it is observed that the only group of farms AA^hich 
practiced no irrigation at all Avas the smallest one, that is, those reporting 
less than 5.0 cuerdas in cane. All the other groups practiced irrigation, 
but to different extents. The first group of farms Avhich reported irriga- 
tion equipment Avas that ranging betAA^een 20 to 50 cuerdas in sugar cane 
harvested. 

A very clear direct relationship aa’us observed which indicated that the 
larger the farms the larger the amount invested in irrigation equipment, 
and the larger the acreage irrigated. Irrigation equipment, as pointed 
out previously, is very expensive and only rich farmers could afford to 
haAm it. The smaller farms that reported irrigating part of their canes 
did it AAith either borroAA^ed or hired outside facilities. 

Ratm of Production, Rates of production have never shoAvn to be in 
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close association with size. However, in the farms studied, a direct 
relationship was generally observed. Of course, the higher rates of produc^ 
tion observed were very probably due to other factors such as better lands, 
better farm practices, better pastures and better livestock, which were 
found to be intimately associated with size. In table 50 it is show how 

'TABLE 49. RELATION OF CUERDAS IN SUGAR CANE HARVESTED 

TO IRRIGATION 

186 farms, Southwestern Puerto Rico, 1942-43 


Investment in irrigation Cueidas of sugar cane 

equipment irrigated 


Cuerdas in sugar cane harvested 

Range Average 

Num- 
ber of 
farms 

Total 

Per 
cuerda 
of cane 
har- 
vested 

Per 

cuerda 

of 

cane ir- 
rigated 

Per cent 
of total 
capital 

Total 

Per cent Per cent 
of total of cane 
arable har- 

land vested 




S 

S 

S 





Less than 5.0.,.. 

3.0 

35 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

5.0- 9,9 

7.6 

47 

0 

0 

0 

0.0 

0.2* 

0.9 

2.8 

10.0-19.9 

13.5 

36 

0 

0 

0 

0.0 

0.4* 

1.0 

3.1 

20.0-49.9 

31.7 

31 

15 

1 

15 

0.1 

1.0 

1.1 

3.2 

50.0-99.9 

64.1 

21 

252 

4 

56 

0.9 

4.5 

3.4 

7.0 

100.0 and over . . . 

354.3 

16 18,815 

53 

96 

7.7 

196.3 

17.1 

55.4 


* Irrigated with outside equipment. 


TABLE 50. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 
RATES OF PRODUCTION 
186 farms, Southwestern Puerto Rico, 1942-43 

Crop 

index Tons of Tons of Per cent Quarts 
Cuerdas in sugar cane harvested Number (exclud- cane sugar sucrose of milk 


of ing per per content per cow 

Range Average farms cane) cuerda cuerda of cane unit 


Less than 5.0 3.0 35 134 16 1.9 12.56 908 

5.0- 9. 9 7.6 47 104 18 2.3 13.08 764 

10.0- 19.9 13.5 36 104 16 2.1 13.00 712 

20.0- 49.9 31.7 31 108 18 2.3 12.94 573 

50.0- 99.9 64.1 21 115 19 2.4 12,98 595 

100.0 and over 354.3 16 SO 27 3.4 12.68 815 


size, as measured by cuerdas in sugar cane harvested kept a close associa- 
tion with rates' of production. 

Crop index (excluding sugar cane) indicated the same tendency to 
decline in the larger farms. On the other hand, both tons of sugar cane 
per cuerda and tons of sugar produced per cuerda increased as the size of 
the fariBs increased. Conversely, the sucrose content of the sugar cane 
harvested in the smaller farms showed to be higher than for the larger 
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farms. This is very probably explained by the fact that the smaller farms 
grew the sugar cane under drier conditions. On the smaller farms, sugar 
cane is generally planted in steeper land, and, furthermore, these farms 
very seldom practice irrigation. Of course, this finding is something that 
deserves special and further study. 

It was also expected here to find the production of milk per cow unit 
to increase with size increases. However, the reverse tendency was ob- 
served. The largest sized farms were the only ones which showed an 
increase in milk production per cow above the preceding group, thus 
breaking the relationship. Apparently, there is an inconsistency here 
which may be explained by the fact that the farms with the larger sugar 
cane acreages did not report having either the higher quality livestock 
nor the higher carrying capacity pastures. 


TABLE 51. RELATION OF CUERDAS OF SUGAR CANE HARVESTED TO 

LABOR EFFICIENCY 
186 farms, Southwestern Puerto Rico, 1942-43 


Net 

cuerdas 

har- 

Cuerdas in sugar cane har%’ested Number vested 


Range Average 

Less than 5.0 3.0 

5.0- 9.9 7.6 

10.0- 19.9 13.5 

20.0- 49.9 31.7 

50.0- 99.9 64.1 


of 

farms 


35 
47 

36 
31 
21 


per 

man 


5.2 
5.0 
7.7 

9.2 
9.6 


Cuerdas 
in cane 
har- 
vested 
per 
man 


1.5 

3.2 

3.8 

5.9 
7.0 


Tons 
of cane 
per 

man 


24 

57 

61 

106 

131 


Capital 
invested 
per man 

$ 

1,678 

1,866 

2,174 

2,440 

2,919 


100.0 and over.... 354.3 16 6.7 5.7 ' 152 3,967 


Return 

on 

labor 

per 

man 

S 

512 

521 

.687 

779 

924 

792 


Gross 

income 

per 

man 

$ 

592 

688 

887 

1,103 

1,261 

1,243 


Labor Efficiency. The efficienc}^ in the use of labor has been found, so 
far, to be directly related with size, up to certain limits, beyond which 
it has been found to decrease. It is attempted in table 51 to present the 
relationship of labor efficienc}^ with cuerdas in sugar cane harvested during 
the year of study, 1942-43. 

Both the tons of sugar cane per man and the capital invested per man 
increased consistently with increases in the sugar cane acreage. However, 
ill the case of the net cuerdas harvested per man, the cuerdas in sugar 
cane harvested per man, the return on labor per man and the gross income 
per man, consistent increases were found up to the group of farms report- 
ing sugar cane acreages ranging between 50 to 100 cuei'das. This group 
had the highest efficienci^ in the use of labor. The next and largest group 
in size showed to use labor less efficiently. The same finding is once more 
corroborated. 
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Farm Expenses. Total farm cash expenses were, logically, larger for 
the larger farms (table 52). The same relationship was observed between 
the total farm cash expenses per total cuerda harvested and size, as meas- 
ured bj!^ ciierdas in sugar cane harvested. Size was also found to be directly 
related to the proportion that the total hired expenses represented of the 
total farm expenses. Increases ivere not consistent but the tendency 
was clearly marked. 

As to the hired labor expenses in sugar cane, both per cuerda and per 
ton of cane harvested, a direct relationship was found showing general 
increases with increases in size. This indicates definitely that the larger 
farms applied more units of production per cuerda in cane than the smaller 
ones. The per cent that the hired labor expenses in sugar cane constituted 

TABLE 52. EELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 

FARM EXPENSES 

186 farms, Southwestern Puerto Rico, 1942-43 

Hired labor expense in _ 

Farm cash expenses sugarcane Ferti- 

lizer 

Per Per cent cost 

total Per Per Per of per 

Cuerdas in sugar cane harvested Number cuerda cent cuerda ton total cuerda 


— of har- hired of of hired of 

Range Average farms Total vested labor cane cane labor cane 

- _ - _ _ 

Less than 5.0 3.0 35 409 31 49 21 1.38 32 7 

5.0- 9.9 7.6 47 775 54 52 37 2,08 70 7 

10.0- 19.9 13.5 36 1,394 45 65 38 2.40 57 7 

20.0- 49.9 31.7 31 3,106 54 59 42 2.34 73 8 

50.0- 99.9 64.1 21 5,922 59 67 49 2.59 78 5 

100.0 and over.... 354.3 16 44,206 102 74 67 2.52 72 9 


of the total hired labor expenses showed a clear tendency to increase as the 
cuerdas in sugar cane harvested increased. Although a slight tendency 
for the total fertilizer expenses per cuerda of cane harvested to increase 
with size was observed, the variation can be described as rather insignifi- 
cant. 

Fam Receipts. Total farm gross income increased with increases in 
Ciierdas in sugar cane harvested (table 53). It is very natural to expect 
this increase in farm receipts with increases in size, ^at is really signifi- 
cant is that both the per cent income from crops sales and the per cent 
that crop sales is of the total value of crops harvested increased with 
increases in size. The per cent that the total receipts from sugar con- 
stituted of the farm gross income showed again the same tendency to 
increase ivith size. The per cent income from tobacco, cotton and corn 
indicated the same tendency observed before to decrease with increases in 
size, measured this time by cuerdas in sugar cane harvested. 
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Livestock and livestock products constituted a less important source 
of income for the larger farms. However, the relationship was broken by 
the hugest farms, which showed a marked increase to a higher level but 
never as high as that of the first two groups of smaller farms. 

Farm Earnings. Size and farm earnings proved once more to be inti- 
mately related in Southwestern Puerto Rico. Return on labor, labor 

TABLE 53. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 

FARM RECEIPTS 

186 farms, Southwestern Puerto Rico, 1942-43 


Per Per Per cent 

cent cent income 

Per crop income from 

^ cent sales Per from live- 

Total income is of cent tobacco, stock 
Cuerdas in sugar cane harvested Number farm from total income cotton and 


■ of gross crop crops from and prod- 

Range Average farms income sales value- cane corn ucts 


I 

Less than 5.0 3.0 35 1,160 52 89 33 27 16 

5.0- 9.9 7.6 47 1,612 55 93 68 6 12 

10.0- 19.9 13.5 36 3,124 64 96 55 24 10 

20.0- 49,9 .. 31.7 31 5,976 62 97 78 7 6 

50.0- 99.9 64.1 21 11,610 68 98 83 7 3 

100.0 and over 354.3 16 76,998 68 99 86 1 10 


TABLE 54. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 

FARM EARNINGS 

186 farms, Southwestern Puerto Rico, 1942-43 
Per cent Capi- Net 

Cuerdas in sugar cane harvested Number Return return tal Return farm Labor 


L , of on on turn- on _ cash Labor earn- 

Range Average farms capital capital over labor income income ings 


$ $ $ % $ 

Less than 5 0 3.0 35 306 9.3 2.84 1,004 606 379 706 

5.0- 9.9 7.6 47 389 S.9 2.71 1,220 667 405 723 

10.0- 19.9 13.5 36 1,184 15.5 2.45 2,421 1,483 1,112 1,460 

20.0- 49.9 31.7 31 2,194 16.6 2.21 4,223 2,657 1,793 2,312 

50.0- 99.9 64.1 21 5,018 18.7 2.31 8,502 5,388 3,975 4,502 

100.0 and over. .. . 354.3 1 6 27,932 11.4 3.19 49,050 30,676 14,906 16,168 


income, and labor earnings showed consistent increases with increases in 
size, as measured by cuerdas in sugar cane harvested (table 54). 

The return on capital showed a close direct association vdth size. The 
per cent return on capital, however, had again a top limit in the group of 
farms which ranged from 50 to 100 cuerdas in sugar cane. This group of 
farms showed, on the average, around 19 per cent return on capital The 
next and largest group showed a substantial decline to 11 per cent. Con- 
trary to the previous relationships observed, the capital turnover was 
larger for the smaller farms with a definite tendency to decrease with 
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size increases. An exception is noticed in the largest farms which jumped 
up from 2.31 to 3.19 years. This apparent inconsistency was only present 
in this case, that is, when cuerdas in sugar cane was used as a measure of 
size. It may be concluded that the larger the acreage in sugar cane the 
less number of years needed for the gross receipts to equalize the capital 
investment. This was true within certain limits, in our case, up to 100 
cuerdas in sugar cane. 

Farm Mortgage Indebtedness. Cuerdas in sugar cane harvested, as a 
measure of size, was also related to farm mortgage indebtedness, and the 
results found are presented in table 55. 

TABLE 56. RELATION OF CUERDAS IN SUGAR CANE HARVESTED TO 
FARM MORTGAGE INDEBTEDNESS AND OTHER FACTORS 
186 farms, Southwestern Puerto Rico, 1942-43 

Farm mortgage 
indebtedness 


Per Per 
total cent 
cuerdas of 
in total 
Total farm capital 

~7 $ 


Lessthatto.0 3.0 35 51 13 1.4 293 11 9 

5.0- 9. 9 7.6 47 50 13 0.9 215 8 5 

10.0- 19.9 13.5 36 45 13 1.1 222 5 3 

20.0- 49.9... 31.7 31 46 36 0,8 1,127 9 9 

50.0- 99.9 64.1 21 47 26 0.2 2,396 17 9 

100.0 and over 354.3 16 52 95 0.5 8,161 6 3 


Cuerdas in sugar cane harvested 
Range Average 


Dis- 

tance 

to 

nearest 

Number Farm paved 

of Age of popu- road 
farms operator lation (kms.) 


The age of the operator and size of farm showed again no relationship 
to each other. The same as before, larger farms were found to support a 
larger farm population, on the average. In general they were also located 
at shorter distances from paved roads, as is indicated in table 55. This 
factor is of special significance since the hauling and marketing of farm 
products is facilitated, and consequently its cost is reduced. 

The mortgage indebtedness of the farms increased as size increased, 
but no relationship was observed when the mortgage burden of the farms 
was expressed per cuerda in farm or as a per cent of the total capital 
invested. The only point of interest shown again is that the largest sized 
farms had the least mortgage burden per cuerda, and, together with the 
group of famas ranging between 10 to 20 cuerdas in cane, also showed 
to have the least percentage of its capital mortgaged. It should be kept 
in mind that the economic solidity of the larger farmers, in general, is 
unquestionable. 
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Tons of Sugar Cane Harvested 

Tons of sugar cane harvested, as well as the cuerdas in sugar cane was 
also related to farm earnings, and other factors* This factor, used here 
as a measure of size, is also influenced by rates of production, which have 
been found to be closely related to size. For this reason it is considered 
to be a good measure of size of business in the area studied. As in the 
case of cuerdas in sugar cane harvested, the information regarding the 54 
farms which did not grow sugar cane in 1942-43 was not included in tables 
56 to 60 presented below. These farms were found to be larger in size 
than the first three groups of farms with fewer tons of sugar cane produced. 

Other Size Factors. In table 56 the relation of tons of sugar cane har- 
vested to other size, factors is presented. 


TABLE 56. RELATION OF TONS OF SUGAR CANE HARVESTED TO OTHER 

SIZE FACTORS 

186 farms, Southw^estern Puerto Rico, 1942-43 


Tons of sugar 
harvested 

cane 

Number Total 

Total 

cuerdas 

in 

farm 

Net 

cuerdas 

har- 

vested 

Cuer- 

das 

in 

cane 

har- 

vested 

Tons 

of 

sugar 

pro- 

duced 

Man 

equiv- 

alent 

Invest- 

ment 

in 

mach- 

inery 

and 

equip- 

ment 

Range 

Average 

farms 

invested 

Less than 75 . . 

46 

39 

$ 

3,221 

26 

11 

3.7 

5.7 

2.0 

$ 

70 

75-149 

118 

36 

3,919 

25 

14 

8.3 

15.4 

2.3 

104 

150-299 

198 

39 

6,887 

41 

21 

12.8 

25.4 

3.1 

202 

300-599 

425 

24 

12,796 

77 

44 

24.2 

55.3 

4.7 

415 

600-1199 

850 

21 

22,695 

199 

83 

49.5 

110.3 

7.7 

1,264 

1200 and over. . 

6,207 

27 

154,922 

793 

274 

236.5 

789.3 

40.8 

18,949 


Tons of sugar cane harvested showed a direct close association with 
other size factors. Total capital invested, total cuerdas in farm, net 
cuerdas harvested, cuerdas in sugar cane harvested, tons of sugar produced 
and man equivalent, all were found to increase consistent!}^ with increases 
in size. 

Intensity of Land Use. Economic land class was found to be inversely 
related to tons of sugar cane harvested as shown in table 57. The better 
lands in the hands of the larger sized farmers accounts for a great part 
of the higher tonnage of sugar cane produced. 

The larger farms had approximately the same per cent of land arable, 
but they had cultivated a lower per cent of it as compared to the smaller 
farms. A very clear tendency for the larger farms to have higher per- 
centage of the net cuerdas in crop in sugar cane was very definitely ob- 
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served again. Larger farms had also larger investments in machinery 
and equipment per net cuerda harvested. They were also found to irrigate, 
by far, a larger proportion of the land in cane. The proportion of total 
animal units which was work-stock was also found to be somewhat larger 
for the larger farms, as measured in this occasion by tons of sugar cane 
harvested. 


TABLE 57. RELATION OF TONS OF SUGAR CANE HARVESTED TO 
INTENSITY OF LAND USE AND OTHER FACTORS 
1S6 farms, Southwestern Puerto Rico, 1942-43 


Tons of sugar cane 
harvested 

Number 

of 

farms 

Eco- 

nomic 

Per 

cent 

land 

arable 

Per 

cent 

of 

arable 

land 

har- 

vested 

Per 

cent 

net 

har- 

vested 

land 

Equip- 

ment 

invest- 

ment 

per 

cuerda 

Per 

cent 

cuerdas 

in 

cane 

Per 
cent 
work- 
stock 
is of 
total 
animal 
units 

Range 

Average 

class 

cane 

vested 

irri- 

gated 

Less than 75 . . . 

46 

39 

4.1 

87 

47 

35 

$ 

7 

0.0 

32 

75- 149 

ns 

36 

3.3 

91 

61 

60 

S 

0.0 

36 

150- 299 

198 

39 

3.3 

90 

57 

60 

10 

3.8 

31 

300- 599 

425 

24 

3.2 

91 

63 

55 

9 

6.4 

38 

600-1199 

850 

21 

3.0 

■ 77 

55 

59 

15 

2.4 

37 

1200 and over . . 

6,207 

27 

2.0 

90 

38 

86 

69 

50.3 

40 


TABLE 58. RELATION OF TONS OF SUGAR CANE HARVESTED TO RATES 
OF PRODUCTION AND LABOR EFFICIENCY 
186 farms, Southwestern Puerto Rico, 1942-43 


Tons of sugar cane 
harvested 

Numb er 
of 

farms 

Tons 

of 

cane 

per 

cuerda 

Tons 

of 

sugar 

per 

cuerda 

Per 
cent 
sucrose 
con- 
tent of 
cane 

Tons 

of 

cane 

per 

man 

Net 

cuer- 

das 

har- 

vested 

per 

man 

Cuer- 
das in 
cane 
har- 
vested 
per 
man 

Capital 

in- 

vested 

per 

man 

Gross 

in- 

come 

per 

man 

Range 

Average 

Less than 75 . . . 

46 

39 

12 

1.5 

12.48 

23 

5.3 

1.9 

$ 

1,614 

$ 

551 

75- 149 

118 

36 

14 

1.9 

12.97 

52 

6.0 

3.6 

1,719 

689 

150- 299 

198 

39 

15 

2.0 

12.85 

63 

6.7 

4.1 

2,198 

774' 

300- 599 

425 

' 24 

18 

2.3 

13.02 

91 

9.4 

5.2 

2,737 

1,147 

600-1199 

850 

21 

17 

2.2 

12.98 

no 

10.8 

6.4 

2,946 

1,177 

1200' ' and o-ver . . 

6,207 

27 

26 

3.3 

12.72 

152 

6.7 

5.8 

3,707 

1,250 


Rates of Production and Labor Efficiency. The larger farms showed to 
have better rates of production than the smaller ones (table 58 ). For 
instance, the tons of sugar cane as well as of sugar produced per cuerda 
increased consistently with size increases. The sucrose content of the 
cane produced, hoTOver, showed no relationship with tons of sugar cane 
harvested. Perhaps there is a slight tendency for the sucrose content to 
increase with size, but it does not seem to be very significant. 

Generally speaking, the labor efficiency of the farms of the area was 
found to be higher for the larger ones and vice versa. Definite consistent 
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increases Avitli size were observed in the tons of sugar cane per mm, the 
capital invested per man, and the gross income per man. It is also true 
that net cuerdas harvested per man and cuerdas in sugar cane harvested 
per man showed a direct relationship with size. This association however, 
is conditioned by certain top limits in size, in this case, by the very largest 
group of farms. The farms having the highest efficiency in the use of 
labor, as measured by these two factors, rvere those ranging from 600 to 
1200 tons of sugar cane harvested. The next and largest group of farms, 
showed a substantial decline in labor efficiency. Once more this relation- 
ship is corroborated. 

Farm Expenses and Receipts, It is the objective of table 59 to show the 
relationships found between tons of sugar cane harvested and farm expenses 
and receipts. 

TABLE 59. RELATION OF TONS OF SUGAR CANE HARVESTED TO FARM 
EXPENSES AND RECEIPTS 
186 farms, Southwestern Puerto Rico, 1942-43 


Hired labor expenses 

in sugar cane pgj.. 

Per tilizer 

cent Per costs Total Per 

Tons of sugar cane of cuer- Per per cane cent Total 

harvested Number total da ton cuerda receipts income farm 

of hired of of of per from gross 


■ $ $ $ $ I 

Less than 75 46 39 39 22 1.83 5 100 34 1,098 

75- 149 118 36 66 30 2.09 6 117 62 1,572 

150- 299 198 39 67 38 2.45 6 124 65 *2,427 

300- 599 425 24 63 37 2.14 7 143 64 5,363 

600-1199 850 21 71 43 2.49 8 139 76 9,068 


1200 and over 6,207 27 73 66 2.53 8 1S6 SB 50,987 

The larger farms were found to use more hired labor per cuerda of cane 
harvested. The per cent of the total hii-ed labor expenses which these 
larger farms used on sugar cane was also found to be larger than for the 
smaller farms. As is hereby demonstrated, the larger farmei*s applied more 
units of production per cuerda of cane harvested. They intensified in the 
sugar cane enterprise. However, w-hen the hired labor expenses in sugar 
cane were expressed per ton of sugar cane harvested, no apparent good rela- 
tionship Avas observed, except a tendency to increase Avith increases in 
sugar cane tonnage. 

The higher yields per cuerda of the larger farms Avere apparently enough 
to compensate for the larger hired expenses per cuerda of sugar cane in 
Avhich they incurred. These higher yields are partly accounted for by the 
heavier amounts of fertilizer per cuerda Avhich these larger farms applied, 
as shoAvn in table 59. As the tons of sugar cane harvested increased, the 
total fertilizer expenses per cuerda of cane harvested increased also. 
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The total farm gross income, obviously, increased as size increased. The 
per cent of the gross income which was constituted by the total receipts 
from sugar cane, was in direct relationship with size. They both increased 
together. The same relationship was observed between total receipts from 
sugar cane per cuerda of cane harvested and size. In spite of higher labor 
expenses, the gross output per cuerda of cane was definitely higher for the 
larger farms. 

Farin Earnings. It is attempted in table 60 to indicate the relationships 
found between tons of sugar cane harvested, as a measure of size, and farm 
earnings. 

Once more the return on capital was found to be greater for the larger 
farms. However, the per cent return on capital did not show any relation- 
ship. It was found that it tended to increase up to the group of farms 


TABLE 60. RELATION OF TONS OF SUGAR CANE HARVESTED TO FARM 

EARNINGS 

186 farms, Southwestern Puerto Rico, 1942-43 


Tons 3f sugar 
harvested 

cane 

Number 

of 

farms 

Return 

on 

capital 

Per 

cent 

return 

on 

capi- 

tal 

Capital 

turn- 

over 

Net 
farm 
_ cash 
income 

Labor 

income 

Labor 

earn- 

ings 

Range 

Average 




1 



$ 

$ 

1 

Less than 75 . . . 

46 

39 

252 

• 7.8 

2.93 

563 

337 

655 

75- 149 

118 

36 

395 

10.1 

2.49 

746 

452 

784 

150- 299s ..... 

198 

39 

686 

10.0 

2.84 

940 

626 

964 

300- 599 

425 

24 

2,432 

19.0 

2.39 

2,810 

2,102 

2,591 

600-1199 

850 

21 

3,473 

15.3 

2.50 

4,013 

2,628 

3,279 

1200 and over . . 

6,207 

27 

18,883 

12.2 

3.04 

20,559 

10,755 

11,621 


which had a total production of sugar cane ranging from 300 to 600 tons. 
Beyond this size, it went down substantially, corroborating once more the 
previous relationships found. Capital turnover showed no relationship 
with sugar cane tonnage; hoAvever, the farms having the largest cane ton- 
nage had the largest capital turnover. That is, it takes 3.04 years for the 
gross receipts which they had in 1942—43 to equalize the capital invested. 

The net farm cash income as well as the labor income and the labor earn- 
ings were found again to be closely and directly associated with size. They 
showed consistent increases as the tons of sugar cane harvested increased. 

Mom Equivalent 

The number of men employed in a farm during the year is a good measure 
of its size. In the absence of a better measure of total volume of productive 
work accomplished by labor, man equivalent may be used as a measure to 
size of business. For this reason it was also included here for discussion 
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and its relationsliips with, farm earnings and other factors are presented in 
tables 61 to 67. 

Other Size Factors. As in the case of other size measures studied, there 
was a direct relationship between man equivalent and other size factors. 


TABLE 61. RELATION OF MAN EQUIVALENT TO OTHER SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Man equivalent 

Total 
Number capital 
of in- 

farms vested 

Total 

cuerdas 

in 

farm 

Net Cuerdas 
cuerdas in cane 
bar- har- 

vested vested 

Tons 

of 

cane 

har- 

vested 

Cuer- 
das in 
tobacco, 
cotton 
and 
corn 

Invest- 

ment 

in 

machin- 
ery and 
equip- 
ment 

Range 

Average 

Less than 1.5, 

1.0 

32 

$ 

1,775 

11 

5 

3.0 

46 

2.1 

$ 

38 

1.5-1. 9 

1.7 

36 

2,894 

16 

10 

6.5 

101 

3.9 

52 

2.0-2. 9 

. 2.4 

53 

3,879 

26 

14 

7.4 

129 

6.3 

109 

3.0-4. 9 

. 3.9 

50 

9,946 

70 

30 

12.6 

220 

18.0 

337 

5. 0-9. 9 

. 7.0 

41 

22,963 

167 

66 

32.5 

565 

34.6 

687 

10.0 and over . 

. 41.1 

28 

155,589 

857 

286 

223.6 

5,832 

44.7 

18,662 


TABLE 62. RELATION OF MAN EQUIVALENT TO INTENSITY OF LAND 
USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent 

total ' Equip- 

Per bar- ment 
Per cent vested invest* 

cent of net land in ment 

Eco- Per arable bar- tobacco, per 


Man equivalent Number nomic cent land vested cotton cuerda 

— of land land bar- land and har- 

Range Average farms class arable vested in cane corn vested 

Less than 1.5 1.0 32 3.6 91 55 56 29 7 

1.5-1. 9 1.7 36 3.5 92 66 66 30 5 

2. 0- 2. 9 2.4 53 3.9 89 60 54 36 8 

3. 0- 4. 9 3.9 50 4.3 93 46 43 43 11 

5. 0- 9. 9 7.0 41 3.4 89 44 49 41 10 

10.0 and over 41.1 28 2.3 88 38 78 15 65 


With an increase of man equivalent there was an increase in total capital 
invested, total cuerdas in farm, net cuerdas harvested, cuerdas in sugar 
cane harvested, tons of sugar cane harvested, cuerdas in tobacco, cotton 
and corn, and investment in machinery and equipment. 

Intensity of Land Use and Other Factors, Man equivalent did not show 
a very close relationship with economic land class. A tendency was ob- 
served for the larger farms to show a lower economic land class which means 
that they tend to have the better lands. It was also shown again that the 
largest farms had definitely the better lands (table 62). 
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The per cent of arable land did not vary too much for both smaller and 
larger fams. This same relationship had been observed before. The 
larger farms indicated a tendency to have a lower per cent of the arable land 
cultivated; however, a larger percentage of the net area cultivated was 
planted in sugar cane. The per cent of the total cuerdas harvested repre- 
sented by tobacco, cotton and corn was found to be smaller, on the average, 
for the larger farms. Farms with a larger man equivalent were found to 
have larger investment in machinery and equipment per net cuerda har- 
vested. 

Livestock. The larger farms, on the basis of man equivalent, had more 
total animal units (table 63). 


TABLE 63. RELATION OF MAN EQUIVALENT TO LIVESTOCK 


240 farms, Southwestern Puerto Rico, 1942-43 


Per 

cent Average 

invest- value 

nient per 

in pro due- 
live- tive 

stock units 


$ 


Less than 1.5. .. 1.0 32 3.6 86 71 51 14 65 

1.^1. 9 1.7 36 4.2 89 70 57 10 72 

2. 0- 2. 9 2.4 53 6.4 91 67 57 11 62 

3.0- 4. 9 3.9 50 15.3 96 65 60 13 81 

5. 0- 9.9 7,0 41 29.7 97 68 61 11 80 

10.0 and over... 41.1 28 147.2 99 61 63 7 68 


Per cent 
cow 

Per units 
Per cent is of 

Man equivalent Number Total cent produc- produc- 

— of animal grazing tive tive 

Range Average farms units units units units 


The proportion of grazing livestock on the farms studied was larger for 
the larger farms. Very little variation, however, was found in the farms 
studied as to the per cent of the livestock accounted for by productive ani- 
mals. The proportion that dairy cows constituted of all the productive 
livestock in the farms showed also very little variation with man equivalent. 
Perhaps a slight tendency to increase with size was observed. Livestock 
investments in general were relatively smaller for the larger farms. Al- 
though a slight tendency was observed for the average value per productive 
animal unit to increase vuth size, as measured by man equivalent, its sig- 
nificance is rather negligible. 

Use of Pasti(/re Land, As in the case of other size factors studied, the 
total number of cuerdas in available pasture as well as those in clear perma- 
nent pasture were found to increase with size, measured on the basis of man 
equivalent (table 64). 

The total number of cuerdas in available pasture per grazing livestock 
unit were found to increase with increases in size. The larger farms re- 
ported also having a larger per cent of the total farm acreage in available 
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pasture. A tendency was also observed for the larger farms to have a higher 
proportion of their total arable land in available pasture. The relative 
importance of the clear permanent pasture, measured in terms of the total 
available pasture, tended to decrease as size increased. 

Irrigation. In table 65 the relation of man equivalent to irrigation is 
presented. 


TABLE 64. RELATION OF MAN EQUIVALENT TO USE OF PASTURE LAND 
240 farms, Southwestern Puerto Rico, 1942-43 


Man equivalent 


Number 

of 

farms 

Cuerdas in available 
pasture 

Cuerdas in dear 
permanent pasture 

Total 

Per 

grazing 

live- 

stock. 

unit 

Per 

cent of Per 
total cent of 
cuerdas total 
in arable 

farm land 

Per 
cent of 
avail- 
able 

Total pasture 

Range 


Average 

Less than 1.5... 


1.0 

32 

5 

1.5 

43 

47 

4 

95 

1.5-1. 9 


1.7 

36 

5 

1.3 

31 

33 

3 

6S 

2.0-2. 9 


2.4 

53 

10 

1.7 

39 

44 

S 

77 

3. 0-4. 9 


3.9 

50 

35 

2.4 

51 

54 

28 

78 

5. 0-9. 9 


7.0 

41 

84 

2.9 

51 

57 

69 

82 

10.0 and over . . . 


41.1 

28 

470 

3.2 

55 

63 

403 

81 

TABLE 65. 

RELATION 

OF MAN EQUIVALENT 

TO IRRIGATION 


240 farms, Southwestern Puerto Rico, 1942-43 







Investment in irrigation 

Cuerdas in sugar cane 






equipment 


irrigated 






Per 

Per 


Per 

Per 






cuerda 

cuer- 

Per 

cent 

cent 






of 

da of 

cent 

of 

of 

Man equivalent 


Number 


cane 

cane 

Df 

total 

cane 




— of 


bar- 

irri- 

total 

arable 

bar- 

Range 


Average 

farms 

Total 

vested 

gated capital 

Total land 

vested 





1 

1 

1 




Less than 1.5... 


. 1.0 

32 

0 

0 

0 

0.0 

0.0 0.0 

0.0 

1.5-1. 9. 


. 1.7 

36 

0 

0 

0 

0.0 

0.0 0.0 

, 0.0 

2.0-2. 9 


. 2.4 

53 

0 

0 

0 

0.0 

0.2* 0.8 

2.5 

3. 0-4. 9 


. 3.9 

50 

10 

1 

53 

0.1 

0.2 0.3 

1.4 

5. 0-9. 9 


. 7.0 

41 

61 

2 

53 

0.3 

1.1 0.8 

3.5 

10.0 and over . . . 


. 41.1 

28 

10,851 

48 

94 

7.0 115.2 15.3 

51.5 


* Irrigated with outside equipment. 


The same as in the previous measures of size of business, the farmers em- 
ploying larger amounts of labor during the year studied also had larger 
investments in irrigation equipment and, consequently, irrigated a larger 
proportion of their lands. The smaller farms had no investments at all 
and, if some of them reported having practiced some irrigation, it was with 
the aid of hired or borrowed equipment. Practically all the irrigation in 
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the area is done by the farmers employing over 10 or more men during the 
year. 

Rates of Production aiid Labor Efficiencij. Man equivalent was also re- 
lated to rates of production and labor efficiency. The results are presented 
in table 66. 

The same tendency for the larger farms to have a loAver crops index (ex- 
cluding sugar cane) was found. As to the tons of sugar cane per cuerda, 
they were found again to increase with increases in size. The quarts of 
milk produced per cow unit did not show^ any significant relationship wuth 
size, as measured by man equivalent. 

Labor efficiency, in general, was found to be directly associated with man 
equivalent, but it also indicated the same tendency of decreasing beyond 
certain limits of size. The efficiency in the use of labor, when measured by 

TABLE 66. RELATION OF MAN EQUIVALENT TO HATES OF PRODUCTION 
AND LABOR EFFICIENCY 

Relation of man equivalent to rates of production and labor efficiency 

Net Cuerd- 

Tons Quarts cuer- as in Capi- 

Crop of of das cane Tons tal Return Gross 

index cane milk har- bar- of in- on in- 


Man equivalent Number (exclud- per per vested vested cane vested labor come 

^ of ing cuer- cow per per per per per per 

Range Average farms cane) da unit man man man man man man 

Less than 1.5..., 1.0 32 120 15 727 5.3 3.0 45 1,759 566 652 

1.5-1. 9 1.7 36 98 16 897 5.7 3.8 59 1,694 563 678 

2. 0- 2. 9 2.4 53 103 17 779 5.8 3.1 53 1,611 533 655 

3.0- 4. 9 3.9 50 113 17 904 7.6 3.2 56 2,552 647 903 

5. 0- 9. 9 7.0 41 103 17 720 9.5 4.7 SI 3,304 786 1,116 

10.0 and over.... 41.1 28 96 26 792 7.0 5.4 142 3,788 778 1,210 


cuerdas in sugar cane harvested per man, tons of sugar per man, capital 
invested per man, and gross income per man, showed general consistent 
increases with size increases. However, when measured in terms of net 
cuerdas harvested per man, it increased consistently up to the group of 
farms ranging from 5 to 10 men employed. When it was measured in terms 
of return on labor per man, labor efficiency showed practically consistent 
increases up to the same group of farms. The farms employing ten or more 
men during the year had a decline in labor efficiency. 

Farm Earnings. Size, measured this time by man equivalent, and labor 
earnings were found once more to be directly associated (table 67). 

The retum on capital showed definite increases with increases in size. 
No straight relationship, however, w^as found between the per cent return 
on capital and man equivalent. A tendency to increase up to the farms 
ranging from 5 to 10 men in man equivalent, was observed. This group 
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of farms liad the highest per cent return on capital of 14.6. , The largest 
group of farms showed a substantial decline. A tendency’' for the total 
receipts of the larger farms to take more years to equalize the total cap- 
ital invested was also found. The larger farms tended to have, therefore, a 
larger capital turnover, but the differences are rather insignificant. 

The return on labor, the labor income and the labor earnings of the farms 
studied w^ere intimately associated with size. Their relationship with man 
equivalent indicated consistent increases as the size of the farms increased. 

Summary of Relation of Size of Business 
to Farm Earnings and Other Factors 

In the previous pages several measures of size of business were related to 
farm earnings and other factors. The size factors, in the order in which 
they were presented, were: total capital invested; total cuerdas in farm; 

TABLE 67. RELATION OF MAN EQUIVALENT TO FARM EARNINGS 
240 farms, Southwestern Puerto Rico, 1942-4S 


Per 

cent 

Man equivalent Number Return return Capital Return Labor 

^ of on on turn- on Labor earn- 

Range Average farms capital capital over labor income ings 

- _ _ _ 

Less than 1.5 1.0 32 159 8.9 2.70 571 229 462 

1.5-1. 9 1.7 36 292 10.1 2.50 962 393 661 

2. 0- 2. 9 2.4 53 367 9.5 2.46 1,284 442 786 

3. 0- 4. 9 3.9 50 1,228 12.3 2.83 2,521 1,039 1,469 

5. 0- 9. 9 7.0 41 3,348 14.6 2.96 5,465 2,497 3,122 

10.0 and over.. 41.1 28 18,085 11.6 3.13 31,968 9,994 10,959 


cuerdas in sugar cane harvested; tons of sugar cane harvested; and man 
equivalent. All these factors of size of business presented the same general 
aspects in their relation to farm earnings and other factors. In spite of the 
apparent repetition of facts, they all were included for discussion so as to 
observe significant consistencies or variations in the relationships found. 
An attempt is made below to summarize briefly in a general way the princi- 
pal relationships which were found to exist between the size of the farms 
studied, their earnings and other aspects of their organization and func- 
tioning. 

The results of the analysis made demonstrated that : 

L Larger farms were found to be larger in all the aspects of size studied. 

2. Larger farms were found to have always the better lands, to have 
relatively less of their arable land cultivated, to be more specialized 
in sugar cane cultivation, and to be mechanized to a higher extent. 

3. Large and small farms had about the same proportion of productive 
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and draft animals, but larger farms were found to have relatively 
more grazing livestock than smaller farms. Larger farms tended also 
to have relatively more cow-units. The quality of the productive 
livestock kept tended to be better for the larger farms. In general, 
smaller farms were found to have a larger percentage of their capital 
invested in livestock. 

4. Larger farms had more of their lands in pasture and also more pas- 
ture per grazing livestock unit. Larger farms were found to have 
less of their pastures in clear permanent pastures, indicating that 
they had a larger proportion of seeded and harvested improved pas- 
tures. 

5. Most of the irrigation equipment was found in the larger farms 
which, consequently, wem the same ones that did practically all the 
irrigation carried on in the farms studied. 

6. Larger farms, because of the facts that they had the better lands, 
that they irrigated most of their sugar cane lands, and that they ap- 
plied larger amounts of units of production per cuerda of cane, ob- 
tained higher yields of sugar cane per cuerda. However, they showed 
to obtain lower yields per cuerda of the minor crops harvested. As 
to production per cow, a tendency for the larger farms to have larger 
yields was observed. These farms had not only more and better 
pastures, but also higher quality livestock. 

7. Efficiency in the use of labor was found to increase with the size of 
farm up to a certain limit of size, beyond which it showed substantial 
decreases. In general, the farms with the highest labor efficiency 
were those ranging between $20,000 to $40,000 in total capital in- 
vested, those having between 100 to 200 total cuerdas in size, those 
harversting between 50 to 100 cuerdas of sugar cane and producing 
betw-een 600 to 1,200 tons of cane, and those employing between 5 
to 10 men during the year. In no case, were these the largest 
farms studied. Definitely the largest farms proved to use labor 
less efficiently than these farms. 

8. The larger farms applied more units of production per cuerda and 
hired a larger proportion of the total labor employed. Smaller farms 
utilized more unpaid labor, 

9. The larger farms derived more of their total gross income from crop 
sales, especially from sugar cane. They were also found to sell more 
of their crops harvested. The per cent income from secondary ciups 
tended to be larger for the smaller farms. A slight tendency was also 
found for the larger farms to derive a larger part of their gross receipts 
from the sales of livestock and livestock products. 

10. • Size of farms was found to be definitely directly associated with farm 
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earnings. Net farm cash income, labor income and labor earnings 
showed consistent increases with increases in size. The total return, 
on capital was found to be larger for the farms of larger size. How- 
ever, the per cent return on capital was larger for the farms ranging 
between $5,000 to $10,000 in total capital invested, ha^dng between 60 
to 100 total cuerdas in farms, harvesting between 50 to 100 cuerdas 
in sugar cane, producing between 300 to 600 tons. of cane, and em- 
ploying from 5 to 10 men during the year. Ab in the case of labor 
efficiency, none of these groups happened to be the largest. There- 
fore, the per cent return on the capital invested increased wdth size 
up to certain limits beyond which it showed significant declines. The 
capital turnover, that is, the number of years that it takes for the 
farm gross receipts to equalize the total capital invested, was found 
to be larger for the larger farms, indicating therefore that the smaller 
farms had more gross receipts per unit of capital invested. It may 
be concluded that the largest farms proved definitely to use the 
capital less efficiently than the smaller ones. 

11. Size of farm and age of operator proved to have no relationship at all. 
The total population was logically found to be larger for the larger 
farms. The larger farms were found to be located at shorter dis- 
tances from paved roads, thus, facilitating and lowering the costs of 
hauling and marketing farm produce. 

12. In regard to the burden of mortgage indebtedness, it was found that 
the largest farms had a heavier total burden expressed in terms of per 
total cuerda in farm or as a per cent of the total farm capital, which 
tended to decrease with size. The most significant decline was that 
shown by the largest farms, indicating definitely their best economic 
solvency. 

Relation of Intensity of Land Use to Farm 
Earnings and Other Factors 

The intensity with which the land is used has been found to be intimately 
related to financial returns in farming. Of course, this aspect of farming is 
dependent on physical, economic, social and even on psychological factors. 
Many times it is subjected to political considerations and to a series of other 
controllable and uncontrollable factors. In addition, the ability of the farm 
operator to use the resources available is something that influences to a great 
extent the intensity with which his lands are used and, consequently, the 
degree of financial success he may achieve in his business. 

The above section was entirely devoted to the discussion of the land 
classification which was made of the area studied, based on the intensity of 
land use. The pages to follow' wdll be devoted to presenting the relation of 
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intensity of land use, as measured by five different factorSj to farm earnings, 
and other factors of organization and operation of the farms studied. The 
five factors selected are: economic land class; per cent net cuerdas harvested 
is of total arable land; per cent cuerdas in plant-cane is of cuerdas in cane 
harvested; per cent area in available pasture is of total arable land, and 
cuerdas in available pasture per grazing livestock unit. Tables 68 to 93 
presented below summarize the relationships found. 

Economic Land Class 

Various Size Factors, In table 68 the relation of economic land class to 
various size factors is presented. 

Farms falling in land classes 1 and 2 were positively larger than all other 
farms, as measured by total cuerdas in farm, net cuerdas harvested, cuerdas 
in sugar cane harvested, tons of sugar cane harvested, man equivalent, 


TABLE 68. RELATION OF ECONOMIC LAND CLASS TO VARIOUS SIZE 

FACTORS 


240 farms, Southwestern Puerto Rico, 1942-43 


Economic land 
class 

Number 

of 

farms 

Total 
cuer- 
das in 
farm 

Net 

cuerdas 

har- 

vested 

Cuer- 
das in 
cane 
har- 
vested 

Tons 

of 

cane 

har- 

vested 

Man 

equiva- 

lent 

Total 

capital 

in- 

vested 

Invest- 

ment 

in 

machin- 
ery and 
equip- 
ment 

Range Average 

1-2 1.3 

40 

523 

180 

149.5 

4,013 

26.6 

101,100 

12,677 

3 3.0 

116 

57 

30 

20.0 

326 

3.9 

9,732 

400 

4-5 4.8 

41 

163 

42 

6.2 

136 

4.8 

16,800 

324 

6-7 6.3 

43 

55 

24 

9.1 

127 

3.3 

6,981 

224 


total capital invested and investment in machinery and equipment. Con- 
sidering all farms, marked tendencies for size to decrease with increases in 
the economic land class w^ere observed. Tons of sugar cane harvested and 
investment in machinery and equipment were found to be inversely and 
consistently related with economic land class. That is, the farms with lands 
classified as better had consistently larger total production of sugar cane 
and larger investments in machinery and equipment. Of course, with more 
and better lands in sugar cane, a higher tonnage is naturally expected. 

Land Use and Other Factors, The per cent of the total farm area Avhich 
was arable did not show significant differences with variations in economic 
land class (table 69). 

The per cent of the total arable land in the farms studied which was cul- 
tivated showed no relationship at all with economic land class. Very 
marked tendencies, however, were observed for the farms with the better 
lanck to have done less intercropping and double-cropping practices, as 
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shown by the fact that higher percentages of their total area harvested were 
classified as net. This is explained by the fact that they also were found 
to have higher percentages of their net area harvested made by sugar cane, 
which is a year crop. Furthermore, they also had relatively less area 
planted in tobacco, cotton and corn. Very definitely it is demonstrated 
that a higher percentage of the cane on the farms with the better lands was 
found to be plant-cane. This practice of renewing ever}’" year between one- 
fourth and one-third of the total area in cane is desirable from the point of 


TABLE 69. RELATION OF ECONOMIC LAND CLASS TO LAND USE AND 

OTHER FACTORS 

240 farms, Southwestern Puerto Rico, 1942-43 


Economic land 
class 

Number 
of farms 

Per cent 
land 
arable 

Per cent Per cent 
of arable total area 
land bar- harvested 
vested net 

Per cent 
net har- 
vested 
land in 
cane 

Per cent 
cuerdas 
in plant 
cane is 
of total 
cane . 

Per cent 
total har- 
vested 
land in 
tobacco, 
cotton 
and corn 

Equip- 
ment in- 
vestment 
per cuerda 
harvested 

Range 

Average 

1-2 

1.3 

40 

90 

38 

95 

83 

27 

11 

5 

70 

3 

3.0 

116 

92 

57 

84 

67 

8 

24 

13 

4-5 

4.8 

41 

81 

32 

66 

15 

13 

61 

S 

6-7 

6.3 

43 

8S 

50 

83 

38 

6 

53 

9 


TABLE 70. RELATION OF ECONOMIC LAND CLASS TO LIVESTOCK 
240 farms, Southwestern Puerto Rico, 1942-43 


Economic land class 

Number 
of farms 

Total 

animal 

units 

Per cent 
grazing 
units 

Per cent 
produc- 
tive units 

Per cent 
cow units 
is of pro- 
ducgve 
units 

Per cent 
invest- 
ment in 
livestock 

Average 
value per 
produc- 
tive unit 

Range 

Average 

1-2 

1.3 

40 

90.4 

99 

60 

63 

7 

1 

68 • 

3 

3.0 

116 

11.4 

95 

59 

60 

10 

73 

4-5 

4.8 

41 

32.4 

98 

76 

62 

14 

74 

6-7 

6.3 

43 

10.3 

94 

54 

57 

13 

89 


view of higher yields. The farms with the better lands, from the economic 
standpoint, were necessarily found to be mechanized to higher extents than 
those having the poorer lands. 

LivGBtock, The per cent of the total farm capital which was constituted 
by livestock was found to be larger for the farms with the poorer lands, from 
the economic point of view (table 70). The group of farms having an 
economic land class of 4 and 5 had the highest percentages. These farms 
are located on lands which, economically, are best suited for livestock rais- 
ing. The farms with the best lands had a larger total number of animal 
units than those having poorer lands. The latter had relatively somewhat 
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morG productivG livestock Rnd, on the average, their value per unit was 
found to be higher, thus indicating that they had better animals. 

Very little, variation was found in the per cent that the grazing livestock 
was of the total animal units. Perhaps a slight tendency, if any, for the 
farms with the better lands to have relatively more grazing animals was 
obseiwed. 

Use of Pasture Land. As in the case of livestock, the farms with the best 
lands had the largest acreage of both available and clear permanent pasture 
(table 71). The farms falling in land classes 4 and 5 followed. Therefore, 
no consistent relationships were observed betiveen economic land class and 
pastures. 

The farms with the best lands had the largest number of cuerdas in avail- 
able pasture per grazing livestock unit, also followed by the farms in land 
classes 4 and 5. The latter, however, led in the per cent of the total farm 

TABLE 71. RELATION OF ECONOMIC LAND CLASS TO USE OF PASTURE 

LAND 

240 farms, Southwestern Puerto Pico, 1942-43 

Cuerdas in clear 

Cuerdas in av'ailable pasture permanent pasture 

Per cent Per cent Per cent 

Economic land class Per graz- of total of total of avail- 

— Number ing live- cuerdas arable able 


Range 

Average 

of farms 

Total 

stock unit 

in farm 

land 

Total 

pasture 

1-2 

1.3 

40 

294 

3,3 

56 

62 

251 

85 

3 

3.0 

116 

22 

2.0 

39 

42 

20 

91 

4-5 

4.8 

41 

94 

3.0 

58 

71 

71 

76 

6-7 

6.3 

43 

24 

2.5 

44 

50 

21 

88 


acreage which was in available pasture and in the per cent that it repre- 
sented of the total arable land. This indicated a very slight tendency for 
the farms with the poorer lands, in general, to have relatively more land in 
pastures. 

Irrigation. Irrigation was mostly practiced by the farms with the better 
lands, as sho-wn in table 72. 

Practically all the irrigation equipment was owned by the farmers operat- 
ing in land classes 1 and 2. This is a very logical finding. These lands, 
due to the fact that they are of the highest productive quality, can economi- 
cally support higher inputs per cuerda. As stated previously, irrigation 
equipnient is of a very expensive nature. The farms falling in land classes 
4 to 7 did not report investments in irrigation equipment of any kind. 

Rates of Prodnction. Rates of production, except for the secondary crops 
and the cow’s, were found to indicate tendencies of being higher for the 
farms falling in the best land classes (table 73). 
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The crop index, which includes the secondary crop only, tended to be 
higher for the farms located on poorer land classes. The quarts of milk 
produced per cow unit were also found to show the same tendency. As 
shown before, these farms had higher quality productive livestock. The 
farms located in the better land classes were found to have higher 3/ieMs of 
sugar cane and sugar per cuerda. Previously it was demonstrated that 
these farms, besides having better lands, had a larger proportion of plant- 


TABLE 72. RELATION OF ECONOMIC LAND CLASS TO IRRIGATION 
240 farms, Southwestern Puerto Rico, 1942-43 




Investment in irrigation 
equipment 

Cuerdas of sugar cane 
irrigated 

Economic land 
class 

Number 
of farms 

Per Per 

cuerda cuerda 
of cane of cane Per cent 
har- irri- of total 

Total vested gated capital 

Per cent 
of total 

Per cent 
of cane 
har- 
vested 

Range Average 

Total land 


$ $ $ 


1-2 

1.3 

40 

7,658 

51 

93 

7.6 

82.0 

17.4 

54.9 

3 

3.0 

116 

4 

* 

53 

t 

0.1 

0.2 

0.4 

4-5 

4.8 

41 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

6-7 

6.3 

43 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 


* Less than sS0.50. 
t Less than 0.05 per cent. 


TABLE 73. RELATION OF ECONOMIC LAND CLASS TO RATES OF 

PRODUCTION 

240 farms, Southwestern Puerto Pdco, 1942-43 


Economic land class 


Crop in- 
dex (ex- 
cluding 
sugar 
cane) 

Tons of 
cane per 
cuerda 

Tons of 
sugar pro- 
duced per 
cuerda 

Per cent 
sucrose 
content 
of cane 

Quarts 
of milk 
produced 
per cow 
unit 

Range 

Average 

of farms 

1-2 

1.3 

40 

94 

27 

3.4 

12.73 

789 

3 

3.0 

116 

no 

16 

2.1 

12.85 

832 

4-5 

4.8 

41 

102 

22 

2.8 

12.78 

725 

6-7 

6.3 

43 

108 

14 

1.8 

13.00 

960 


cane, practiced irrigation, and, as will be shown later, applied more inputs 
per unit of production. The higher yields obtained, therefore, are ex-- 
plained. 

Although no apparent relationship was found between economic land 
class and the sucrose content of cane, a slight tendenc}^ to increase in the 
farms with poorer lands was observed. This same tendency was previously 
noticed between size of business and sucrose content. The explanation 
given before applies here too. 

Labor Efficiency, The efficiency with which labor was used on the farms 
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studied showed definitely to be related with economic land class (table 74). 

Labor efficiency, when measured in terms of net ciierdas harvested per 
man did not show relationship with economic land class. When it was 
measured in terms of cuerdas in sugar cane harvested per man, tons of sugar 
cane per man and capital invested per man, very definite tendencies of being 
higher for the farms in better land classes were observed. The gross income 
per man, as a measure of labor efficiency showed consistent decreases as the 
economic land class increased. In other Avords, labor efficiency was higher 


TABLE 74. RELATION OP ECONOMIC LAND CLASS TO LABOR 

EFFICIENCY 

240 farms, Southwestern Puerto Rico, 1942-43 


Economic land class 


Net Cuerdas 
cuerdas in cane 
bar- har- 

vested vested 
per man per man 

Tons of 
cane per 
man 

Capital 
invested 
per man 

Return 
on labor 
per man 

Gross 
income 
per man 

Range Average 

of farms 







$ 

$ 


$ 

1-2 

1.3 

40 

6.8 

5.6 

151 

3,808 

831 

1,266 

3 

3.0 

116 

7.7 

5.2 

84 

2,506 

658 


922 

4-5 

4.8 

41 

8.8 

1.3 

29 

3,514 

541 


834 

6-7 

6.3 

43 

7.2 

2.7 

3S 

2,101 

571 


758 

TABLE 75. 

RELATION OF ECONOMIC LAND CLASS TO FARM EXPENSES 



240 farms, Southwestern Puerto Rico, 1942-43 






Total farm cash 

Hired labor expenses 






expenses 


in sugar cane 












Ferti- 




Per 






lizer 

Economic land 


total 

Per net 



Per cent 

costs 

class 



cuerda 

cuerda ] 

Per cent 

Per 

of total 

per 



Number 

har- 

har- 

hired 

cuerda Per ton 

hired 

cuerda 

Range 

Average 

of farms 

vested 

vested 

labor 

of cane of cane 

labor 

of cane 




$ 



$ 

$ 


$ 

1-2 

1.3 

40 

98 

103 

74 

67 

2.50 

73 

8 

3 

3.0 

116 

53 

62 

60 

39 

2.39 

69 

8 

4-5 

4.8 

41 

31 

48 

62 

69 

3.16 

34 

7 

6-7 

6.3 

43 

38 

45 

58 

29 

2.04 

41 

7 


for the farms falling in better land classes than for those located in poorer 
lands. 

Farm Expenses. The farms falling in the lower land classes, that is, those 
located in the better lands, Avere found to apply more units of production, 
as measured by the total farm cash expenses, both per cuerda in the farm 
and per cuerda harvested (table 75). Hired labor Avas found to be an item 
of expense more important for the farms falling in the better land classes, 
as measured by the per cent that it constituted of the total farm cash 
expenses. 
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A tendency for the hired labor expenses in sugar cane per ciierda of cane 
harvested to decrease as the economic land class increased was observed. 
This same tendency was shown again between the per cent that the hired 
labor expenses in sugar cane represented of the total hired labor expenses 
and economic land class. It was found to be larger for the farms in the 
better lands. No relationship was found, however, to exist between eco- 
nomic land class and the hired labor expenses in sugar cane per ton of cane 
harvested. 

The expenses in fertilizer per cuerda of cane harvested were found to be 
lower for the farms with the poorer lands, as measured by economic land 
class. Apparently, the better lands were fertilized more heavily, indicating 
again the ability of these lands to stand, economically, larger inputs. 

Farm Receipts. The farms in the lower or better land classes had higher 
gross receipts (table 76). 


TABLE 76. RELATION OF ECONOMIC LAND CLASS TO FARM RECEIPTS 
240 farms, Southwestern Puerto Rico, 1942-43 


Economic land class 

Number 
of farms 

Faim 

gross 

income 

Per cent 
income 
from 
crop 
sales 

Per cent 
crop 
sales is 
of total 
crop 
value 

Per cent 
income 
from 
cane 

Per cent 
income 
from 
tobacco, 
cotton 
and 
corn 

Per cent 
income 
from 
live- 
stock 
and 
prod- 
ucts 

Range 

Average 

1-2 

1.3 

40 

5 

33,618 

68 

99 

85 

3 

9 

3 

3.0 

116 

3,579 

61 

96 

72 

9 

9 

4-5 

4.8 

41 

3,986 

51 

94 

27 

28 

3 

6-7 

6.3 

43 

2,520 

60 

95 

41 

30 

2 


Crop sales and economic land class showed no apparent relationship to 
each other. It was found that the farms in the better land classes sold more 
of the crops harvested than the farms in the poorer land classes. The latter 
consumed more of the crops grown or gave larger parts away. 

The income from sugar cane was found to decrease with increases in the 
economic land class. That is, sugar cane is a more important source of 
income for the farms with the better lands. On the contrary, the per cent 
of the total gross receipts on these farms which was accounted for by to- 
bacco, cotton and corn, was lower than for the farms on the poorer lands. 
This means that the latter relied to a larger extent on the secondary crops 
of the area as a source of income. The income derived from the sales of 
livestock and livestock products was found to be more important for the 
farms in the better economic land classes. This source of income, as well as 
sugar cane, was found to be of relatively more importance in the farms with 
the better lands. 
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Farm Earnings. Economic land class and farm earnings Avere found to 
be very closel}^ and directly associated (table 77). This is demonstrated by 
the fact that the return on labor, the net farm cash income, the labor income 
and the labor earnings of the farms studied showed in general consistent 
decreases as the quality of the land, measured by economic land class, de- 
creased. In other words, the farms in the better lands proved definitely to 
be financially more successful than those located in poorer lands. 

From the point of vieAV of return on capital it AAms found that the farms 
in the better land classes has the highest returns. When the return on 
capital Avas expressed as a per cent of the total capital invested, it was found 
that the farms in land classes 1 and 2 had the highest percentage, and those 
falling in land classes 4 and 5 had the lowest. The farms in the poorest land 
classes had a per cent return on capital which compared favorably with that 
of the farms located in the best lands. No significant relationship AAms ob- 


TABLE 77. RELATION OF ECONOMIC LAND CLASS TO FARM EARNINGg 
240 farms, Southwestern Puerto Rico, 1942-43 


Economic land 
class 

Number 

of 

farms 

Return 

on 

capital 

Per 

cent 

return 

on 

capital 

Capital 

Return 

Net 

farm 

cash 

income 

Labor 

income 

Labor 

Range 

Average 

over 

labor 

ings 




$ 



$ 

$ 

$ 

1 

1-2 

1.3 

40 

12,877 

12.7 

3.01 

22,058 

14,060 

7,645 

8,273 

3 

3.0 

116 

1,171 

12.0 

2.72 

2,553 

1,503 

948 

1,347 

4-5 

4.8 

41 

1,336 

8.0 

4.22 

2,587 

1,572 

748 

1,215 

6-7 

6.3 

43 

SOO 

11.5 

2.77 

1,897 

1,215 

760 

1,163 


served betAveen economic land class and capital turnoAmr. The farms AA^hich 
shoAA^ed to have the loAA'est capital turnoA^er AA^ere those located in land classes 
3 and 6 and 7. This demonstrated once more that the gross farm receipts 
per unit of capital inA^^ested were larger for the farms in the poorer lands. 
This is probably due to the relatively loArer capital investments Avhich these 
farms had. 

Farm Mortgage Indebtedness and Other Factors. In table 78 the relation 
of economic land class to farm mortgage indebtedness and other factors is 
presented. 

No relationship AAms found to exist betAA^een age of operator and economic 
land class. The population on the farms AAuth better lands was found to 
be larger than for those located on poorer lands. Definitely, better lands 
can support larger populations. The farms in the better land classes Avere 
consistently located at shorter distances from paA^ed roads. This is, un- 
doubtedly, a great advantage both from the economic and social stand- 
points. 



SOCIO-ECONOMIC STUDY OF SOUTHWESTEKN PUERTO RICO 


107 


Although no significant relationship was found between economic land 
class and farm mortgage indebtedness, the farms located in the extreme land 
classes had the lowest farm mortgage burden when expressed as a per cent 
of the total farm capital. This is due to the fact that the farmers in the best 
lands had, on the average, a greater economic solidity, and those on the 
poorer land classes are not only very suspicious of long-term credit but also 
present great risks to this type of agency. 

Per Cent Net Cuerdas Harvested Is of Total Arable Land 

The per cent that the net cuerdas harvested represents of the total arable 
land in the farms studied was related to farm earnings and other factors. 
The results are presented in tables 79 to 85. This factor measures to a cer- 
tain extent the intensity with which the arable lands in the area studied are 


TABLE 78. RELATION OF ECONOMIC LAND CLASS TO FARAI MORTGAGE 
INDEBTEDNESS AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Farm mortgage 
Dis- indebtedness 

tance 


to Per Per 

nearest total cent 


Economic land class 

Number 
- of 

Age of 
operator 

Farm 

popula- 

tion 

paved 

road 

(kms.) 

Total 

cuerda 

in 

farm 

of 

total 

capital 

Range 

Average 

farms 







$ 

$ 


1-2 

1.3 

40 

48 

46 

0.5 

3,744 

7 

4 

3 

3.0 

116 

49 

16 

0.9 

597 

10 

6 

■4-5 

4.8 

41 

51 

32 

1.0 

1,383 

8 

' S 

6-7 

6.3 

43 

49 

15 

1.2 

289 

5 

4 


utilized for crop-growing. Of course, the utilization of the land in pasture 
is excluded from consideration here. 

Various Size Factors. In table 79, the relationship of per cent net cuerdas 
harvested is of total arable land to various size factors is presented. 

No consistent relationships between the per cent that the net cuerdas 
harvested represented of the total arable land and size were observed. It 
was observed, however, that the group of farms which harvested less than 
35 per cent of their total arable land were consistently the largest in size 
as measured by total cuerdas in farm, net cuerdas harvested, cuerdas in 
sugar cane harvested, tons of sugar cane harvested, man equivalent, total 
capital invested, and investment in machinery and equipment. On the 
other hand, the smallest farms, as measured by the above same factors, had 
consistently the largest percentages except when size was measured by tons 
of sugar cane produced. It is also worth mentioning that the farms in the 
group which ranged between 50 and 64 per cent, showed marked tendencies 
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to be rather small in size. In spite of this apparent inconsistency, a clear 
tendency was observed for the smaller farms to utilize more of their arable 
lands in crop-growing. 

Land Use and Other Factors. A very definite inverse relationship was 
found to exist between the per cent of the total arable land which Avas har- 

TABLE 79, RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 
TOTAL LAND TO VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Invest- 

ment 

in 

Per cent net cnerdas Cuerdas Tons macli- 

harvested is of total Total Net in of inery 

arable land Number cuerdas cuerdas cane cane Man Total and 


of in bar- bar- bar- equiva- capital equip- 

Range Average farms farm vested vested vested lent invested ment 

_ - - 

Less than 35 23 38 486 96 64,5 1,944 15,9 65,621 10,435 

35-49 42 37 222 81 52,9 1,219 12,1 43,603 2,286 

50-64 58 39 67 35 18,8 308 4,2 10,431 674 

65-79 73 45 85 59 44,0 961 6,9 20,122 1,186 

SO-94 86 4S 57 43 25,8 494 4,7 11,708 386 

95 and over 98 33 25 22 17,8 347 3,1 5,476 30 


TABLE 80. RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 
TOTAL ARABLE LAND TO I,AND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per 


Per 

cent 

total 

har- 


Equip- 


Per cent net cuerdas harvested 
is of total arable land 

Number 

Eco- 

nomic 

land 

class 

Per 

cent 

land 

arable 

Per 

cent 

of 

arable 

land 

har- 

vested 

cent 

net 

har- 

vested 

land 

in 

cane 

vested 

land 

in 

tobacco, 

cotton 

and 

corn 

ment 

invest- 

ment 

per 

cuerda 

har- 

vested 

Range 

Average farips 

Less than 35 ... . 

23 

3S 

4.2 

88 

86 

67 

25 

1 

109 

35-49 

42 

37 

4.2 

86 

88 

65 

30 

28 

50-64 

5S 

39 

3.7 

92 

74 

54 

38 

16 

65-79 . 

73 

45 

3.5 

95 

91 

75 

17 

20 

80-94. 

86 

48 

3.3 

89 

86 

59 

28 

9 

95 and o ver ..... 

98 

33 

2.9 

92 

90 

81 

19 

1 


vested and the economic land class (table 80 ). It was found that the farms 
with the better lands showed consistently to utilize more of their arable 
lands in crops. This shows that, apparently, the better lands are put into 
crops while the poorer ones are left to other uses* Definitely, this is a very 
wise farming practice, considering the general economy of the area under 
study* 
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The extent to which the arable land in the farms studied was cultivated, 
did not show to be related with either the per cent land arable, the amount 
of doublecropping and intercropping done as measured by the per cent the 
net area harvested is of the total area harvested, the per cent of the net area 
harvested which was in cane, nor with the per cent of the total area har- 
vested which was represented by cuerdas in tobacco, cotton and corn. It 
was found, however, that the farms which cultivated more of their total 
arable land were mechanized to a lower extent than those which cultivated 
less of their arable land. It should be remembered here that, in general, 
they also were found to be the smaller in size. 

Livedook. In table 81 it is attempted to present the relationships found 
between the extent to which the arable lands in the farms studied were 
cropped and the livestock kept on those farms. 

TABLE 81. RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 
TOTAL ARABLE LAND TO LIVESTOCK 
240 farms, Southwestern Puerto Rico, 1942-43 

Per 

cent Per 

cow cent Average 

units invest- value 

is of ment per 

pro- in pro- 
ductive live- ductive 

units stock unit 

$ 

62-9 73 

64 9 70 

52 11 65 

56 6 66 

62 8 90 

48 2 66 

The total animal units kept on the farms as well as the per cent which 
was grazing livestock showed a decline with increases in the per cent of the 
arable land which was cropped. In other woi’ds, the farms which grew 
relatively more crops had less animals and, furthermore, less of the grazing 
type. Obviously, less land was available to take care of the livestock 
enterprise. 

No relationship was found to exist between the proportion of arable land 
cropped and the per cent of the livestock kept that was of the productive 
type. The average value per productive animal unit, which indicates to 
some extent its quality, also showed no relationship. The relative impor- 
tance of dairy cows tended to decrease as the farms used more of their arable 
lands in crops. In general, the per cent of the total farm capital which was 
accounted for by the livestock kept on the farm, decreased as more arable 
land was cultivated. To summarize, the more arable land cropped, the less 
the importance of the livestock enterprise on the farms studied. 


Less than 35 23 38 82.3 99 65 

35-49 42 37 50.0 99 71 

50-64... 58 39 14.5 94 55 

65-79 73 45 13.9 96 45 

80-94 86 48 10.0 96 54 

95 and over 98 33 1.9 83 74 


Per 

Per cent net cuerdas harvested Per cent 

is of total arable land Number Total cent pro- 

of animal grazing ductive 

Range Average farms units units units 
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Use of Pasture Land. Since the livestock enterprise is of relatively less 
importance on the farms which had more of their arable land in crops, it 
Avas very reasonable to find that the total number of cuerdas in available 
pasture as rrell as in clear permanent pasture decreased as the farms had 
relativelj^ more arable land in crops (table 82). 

The number of cuerdas in aAmilable pasture per grazing livestock unit in 
the farm was found, logically, to be larger for the farms with a lower per- 
centage of their arable lands cultivated. Inverse consistent relationships 
were also found betAveen the per cent net cuerdas harvested is of total arable 
land and the per cent that the available pasture represented of both the 
total cuerdas in farm and the total arable land. That is, they decreased 
consistently as more of the arable land Avas cropped. The farms with higher 
percentages of their arable land cultivated AA^ere also found to have more 


TABLE 82. RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 
TOTAL ARABLE LAND TO USE OF PASTURE LAND 
240 farms, Southwestern Puerto Rico, 1942-43 






Cuerdas in available 
pasture 


Cuerdas in clear 
permanent pasture 

Per cent net cuerdas harvested 
is of total arable land 

Number 

of 


Per 

grazing 

live- 

stock 

unit 

Per 
cent 
of total 
cuerdas 
in farm 

Per 
cent 
of total 
arable 
land 


Per cent 
of 

avail- 

able 

pasture 

Range 

Average 

farms 

Total 

Total 

Less than 35 ... . 

23 

38 

321 

3.9 

66 

75 

264 

82 

35-49 

42 

37 

116 

2.4 

52 

61 

102 

88 

50-64 

58 

39 

27 

2.0 

41 

44 

24 

89 

65-79 

73 

45 

24 

1.8 

28 

30 

21 

88 

80-94 

86 

48 

12 

1.2 

21 

24 

11 

92 

95 and over 

98 

33 

1 

0.9 

6 

6 

1 

100 


of their total aAmilable pasture accounted for by clear permanent pasture. 
This shoAVs that, couA^ersely, they had less improATd seeded and haiwested 
pastures. 

Irrigation. Most of the irrigation found to be practiced in the farms 
studied AAms done by the farms which had lower percentages of their total 
arable land cultivated (table 83). 

A very marked tendency for the farmers AAuth more of their arable iand 
cultivated to own more of the irrigation equipment Avas observed. Conse- 
quently, they also carried on irrigation practices to a larger extent. As Avas 
previously shoAAm these farms AA’'ere also found to be larger in size. 

Mates of Production and Labor Efficiency. In table 84 the relationship of 
per cent net cuerdas harA^ested is of total arable land to rates of production 
and labor efficiency is presented. 

The yields of the secondary crops of the area, as measured by the crop 
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index (excluding sugar cane) showed a tendency to be larger for the farms 
which cultivated higher percentages of their arable lands. The yields of 
sugar cane per cuerda measured in tons, on the contrary, were found to be 
larger for the farms Avhich had less of their arable land in crops. As to the 


TABLE S3. RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 
TOTAL ARABLE LAND TO IRRIGATION 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent net cuerdas 
harvested is of total 
arable land 


Investment in irrigation equipment 

Cuerdas of sugar cane 
irrigated 

Num- 

ber 

of 

farms 

Potal 

Per 
cuerda 
of cane 
har- 
vested 

Per 

cuerda of Per 

cane cent of 

irri- total 

gated capital 

Per 
cent of 
total 
arable 
Total land 

Per 
cent of 
cane 
har- 
vested 

Range 

Average 




$ 

S 

$ 




Less than 35 , 

.... 23 

38 6,929 

107 

132 

10.6 

52.3 12.3 

81.1 

35-49 

.... 42 

37 

695 

13 

33 

1.6 

20.8 10. S 

39.3 

50-64 

.... 58 

39 

64 

3 

53 

0.6 

1.2 2.0 

6.4 

65-79 

.... 73 

45 

328 

7 

33 

1.6 

10.1 12.5 

22.9 

80-94 

.... 86 

48 

12 

1 

24 

0.1 

0.5 1.0 

1.9 

95 and over. . . 

.... 98 

33 

0 

0 

0 

0.0 

0.3^*’ 1.3 

1.7 

* Irrigated 

with outside equipment. 





TABLE 84. 

RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 

TOTAL ARABLE LAND TO RATES OF PRODUCTION 




AND LABOR EFFICIENCY 




240 farms, Southwestern Puerto Rico, 1942-43 







Net 

Cuer- 





Crop 

Tons 


cuer- 

das in 



Per cent net cuerdas 

index 

of 

Quarts 

das 

cane 

Capital Return 

1 Gross 

harvested is of total 

(e.x- 

cane 

of milk 

har- 

liar- 

Tons in- on 

in- 

arable land 

Number clud- 

per 

per 

vested 

vested 

of cane vested labor 

come 


of 

mg 

cuer- 

cow 

per 

per 

per per per 

per- 

Range Average farms 

cane) 

da 

unit 

man 

man 

man man man 

man 








$ s 

$ 

Less than 35. 

23 38 

89 

30 

876 

6.1 

4.1 

123 4,139 6S0 

1,174 

35-49 

42 37 

105 

23 

705 

6.7 

4.4 

101 3,618 719 

1,053 

50-64 

58 39 

115 

16 

751 

8.4 

4.5 

73 2,490 710 

967 

65-79 . 

73 45 

118 

22 

655 

8.5 

6.4 

139 2,921 844 

1 ,130 

80-94 

86 48 

94 

19 

751 

9.2 

5.4 

104 2,467 S02 

■ 1,082 

95 and over. . 

98 33 

116 

19 

822 

7.2 

5.S 

112 1,775 743 

9S3 


production of milk per cow, it was found to have no significant relationship 
to the per cent of the arable land which was harvested. 

No consistent changes in, the labor efficiency were observed among the 
farms studied with changes in the per cent that the net ciierdas harvested 
represented of the total arable land. The only exception was in the case of 
capital invested per man. It 'was found to deci’ease consistently as the 
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proportion of the arable land cultivated increased. The net cuerdas har- 
vested per man were found to increase up to the group of farms which 
reported having cropped between 80 to 90 per cent of their total arable land. 
The group of farms above the latter showed a decline. The same tendency 
of going up and then declining beyond a certain limit was also observed when 
labor efficiency was measured in terms of cuerdas in sugar cane harvested 
per man. The farms with the top efficiency were found to be those which 
cropped between 65 to 79 per cent of their total arable land. They were 
also found to have the highest sugar cane tonnage per man and the highest 
return on labor per man. The gross income per man showed insignificant 
variations ; however, the farms with less than 35 per cent of their arable 
lands cropped had the highest gross income per man. 

TABLE 85- RELATION OF PER CENT NET CUERDAS HARVESTED IS OF 

TOTAL ARABLE LAND TO FARM EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 
__ 

Per cent of net cuerdas har- cent 

vested is of total arable land Number Return return Capital Return Labor Labor 


of on on turn- on in- earn- 

Range Average farms capital capital over labor come ings 

" ”” I I i 

■Less than 35 23 38 5,509 8.4 3.53 10,778 2,120 2,753 

35-49 42 37 5,072 11.6 3.44 8,664 3,146 3,751 

50-64 58 39 1,349 12.9 2.57 2,975 1,173 1,705 

65-79 73 45 3,236 16.1 2.58 5,814 2,481 2,927 

80-94 86 48 2,196 18.8 2.28 3,807 1,845 2,175 

95 and over 98 33 1,195 21.8 1.81 2,291 1,097 1,288 


The relationships found here are perhaps mostly due to the influence of 
size of business. As shovm previously, the farms with the higher percent- 
ages of their arable lands harvested were found to show tendencies of being 
larger in size. Consequently, the relationships observed here compare veiy 
favorably with those found between size of business and labor efficiency 
and rates of production. 

Farm, Earnmgs, Per cent net cuerdas harvested is of total arable land 
and farm earnings were related and the results presented in table 85. 

The return on capital showed tendencies to decrease with increases in the 
per cent of the land arable which was cropped. The relationship found was 
not very consistent. However, when the return on capital was expressed 
as a per cent of the total capital invested, a direct and very close association 
was found with the per cent that the net acreage harvested constituted of 
the total arable land. These two factors proved to be very closely associ- 
ated. That is, the more arable land cultivated, the higher the per cent 
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return on capital. Similarly, the capital turnover was also found to de- 
crease consistently. In other words, it takes less number of years on the 
farms with more of their arable land cropped for their gross receipts to 
equalize the total farm capital. Evidently, from the capital investment 
standpoint, it was economically advisable to cultivate larger proportions of 
the total arable land. 

Labor income did not show to be too much associated with the per cent 
that the net cuerdas harvested is of the total arable land. The farms which 
cropped between 35 to 49 per cent of their total arable acreage had the 
highest labor income and labor earnings. In general, labor income, labor 
earnings and return on labor tended to be lower for the farms which had 
higher percentages of their arable land cultivated. 

TABLE 86. RELATION OF PER CENT CUERDAS IN PLANT-CANE IS OF 
CUERDAS IN CANE HARVESTED TO VARIOUS FACTORS OF FARM 

ORGANIZATION 

186 farms, Southwestern Puerto Rico, 1942-43 

Per cent 
work- 

Cuer- stock 

Per cent cuerdas in plant-cane das in Tons Tons of is of Eco- 

is of cuerdas in cane harvested Number cane of cane sugar total nomic 


of har- har- pro- Animal animal land 

Range Average farms vested vested duced units units class 


0 0 126 18.5 314 41.1 12.7 36 3.5 

Less. than 15 10 IS 91,7 2,018 259.7 35.7 43 2.3 

15-29 20 22 102.2 2,443 307.4 55.8 33 3.3 

30 and over 45 20 135.6 3,989 505.1 100.3 43 2.4 


Per Cent Cuerdas in Plant-Cane Is of Cuerdas in Cane Harvested 

As was indicated before, the practice of renewing every year part of the 
cane by planting new cane is desirable from the point of view of yields. The 
extent to which a farmer carries on this practice may be an indication, 
besides other things, of the intensity with which he cultivates his sugar cane 
lands. In tables 86 to 88 presented below, it is attempted to show the rela- 
tion of per cent cuerdas in plant-cane is of cuerdas in cane harvested to 
various factors of farm organization and functioning and to farm earnings. 
Only 186 farms found to grow sugar cane were included, 

Vario^is Factors of Farm Organization. The per cent that the cuerdas in 
new or plant-cane represented of the total cuerdas in cane harvested was 
related to various factors of farm organization. The results are presented 
in table 86. 

The size of the farm business, as measured by cuerdas in sugar cane har- 
vested, tons of sugar cane harvested, tons of sugar produced and animal 
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units, was found to increase consistently with increases in the per cent of 
the sugar cane harvested which was plant-cane. This means that the 
larger the farm, the more plant-cane they harvested. The larger the extent 
to which this practice is carried on, the larger the expenditures, as will be 
shoiTO later. Therefore, this practice can better be afforded by the larger 
farmers who, generally, have a more solid economic position. 

The extent to which this practice was carried on had nothing to do Avith 
the amount of work-stock available on the farms studied. This is shown 
by the fact that no relationship was found to exist between the extent to 
which this practice Avas carried on and the per cent of the total animal units 
accoiiiited for AAurk-stock animals. 

A A^ery clear tendency AAms obseiwed AA’hich indicated that the economic 
land class Avas lower as the practice of haiwesting more plant-cane Avas in- 
tensified, In other AAurds, the better the lands the more intensively this 


TABLE 87. RELATION OF PER CENT CUERDAS IN PLANT-CANE IS OF 
CUERDAS IN CANE HARVESTED TO VARIOUS FARM EXPENSES 
186 farms, Southwestern Puerto Rico, 1942-43 


Per cent cuerdas in plant- cane is of 
cuerdas in cane harvested 

Number 

of 

farms 

Total 

ex- 

penses 

in 

hired 

labor 

Per cent 
hired 
labor 
ex- 
penses 
in 

cane 

Hired 
labor 
ex- 
penses 
in cane 
per 

cuerda 

Hired 

labor 

ex- 

penses 

ill 

cane 
per ton 

Ferti- 

lizer 

costs 

per 

cuerda 

of 

cane 

Range 

Average 




S 


$ 



0 

0 

126 

1,110 

65 

39 

2.29 

7 

Less than 15 ... . 

10 

18 

6,067 

79 

52 

2.36 

8 

15-29 

20 

22 

8,174 

74 

59 

2.47 

8 

30 and over 

45 

20 

14,803 

72 

78 

2.65 

8 


practice AA^as folloAved. Naturally, the better lands can stand, economically, 
more inputs per cuerda. 

Various Farm Expenses, Table 87 shoAA^s the relation of per cent ciierdas 
in piant-cane is of cuerdas in cane harvested to various farm expenses. 

The total expenses in hired labor AA^ere found to increase consistently AAith 
increases in the relative importance of the plant-cane harA^ested. No sig- 
nificant relationship AA’-as observed, hoAA^eA^er, betAveen the per cent that the 
hired labor expenses in sugar cane represented of the total hired labor ex- 
penses, and the extent to AAHich the practice of harvesting more plant-cane 
Avas intensified. Perhaps, a A^ery slight tendency of being directly related 
was noticed, but the variations found cannot be considered significant. 
Both the hired labor expenses in sugar cane per cuerda and per ton of cane 
produced AAure found to increase with increases in the per cent of the total 
sugar cane acreage harA^'ested Avhich was plant-cane. This shoAVS definitely 
that this practice is A^ery closely associated Avith larger inputs per cuerda. 
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Althoiigli the fertilizer expenses per cuerda of cane harvested tended to 
increase, the differences found cannot be described as significant. 

Rates of Production and Farm Earnings. Sugar cane yields were defi- 
nitely found to increase with increases in the per cent of the total cane 
acreage harvested which was plant-cane (table 88). 

The tons of sugar cane as well as of sugar produced per cuerda were found 
to increase consistently as the relative importance of the plant-cane har- 
vested increased. As to the per cent sucrose content of cane, a very 
marked tendency to decrease was observed. It is perhaps advisable that 
further research on this observation should be undertaken. 

Apparently the value of the additional tonnage of sugar cane which re- 
sulted from the practice of having higher proportions of the cane renewed, 
were not sufficiently high, beyond certain limits, to compensate economi- 

TABLE 88. RELATION OF PER CENT CUERDAS IN PLANT-CANE IS OF 
CUERDAS IN CANE HARVESTED TO RATES OF PRODUCTION AND 
FARM EARNINGS 

186 farms, Southwestern Puerto Rico, 1942-43 

Per 

Tons Tons cent Net 

Per cent cuerdas in plant-cane is of of sucrose farm 

of cuerdas in cane harvested Number cane sugar con- cash Labor 


of per per tent of in- Labor earn- 

Range Average farms cuerda cuerda cane come income ings 

$ $ $ 

0 0 126 17 2.2 13.10 1,726 1,125 1,526 

Less than 15 10 18 22 2.8 12.87 8,718 6,376 6,975 

15-29 20 22 24 3.0 12.58 8,328 4,790 5,442 

30 and over 45 20 29 3.7 12.66 11,734 4,397 4,934 


cally for the added costs of the larger inputs applied. The net farm cash 
income increased almost consistently wdth intensification of this practice; 
however, labor income and labor earnings did not show this same relation- 
ship. The lowest labor income and labor earnings were reported by the 
farms which did not follow this farm practice. The highest were reported 
by the group of farms which had up to 15 per cent of the cane harvested in 
plant-cane. Beyond this point substantial decreases in both labor income 
and labor earnings were recorded. 

To conclude, the farm practice of increasing plant-cane acreage is appar- 
ently desirable from the point of view- of yields, but its intensification is 
definitely limited to certain extents by economic considerations. There- 
fore, it is advisable that it be carefully followed. 

Cuerdas in Available Pasture Per Grazing Livestock Unit 

The number of cuerdas of pasture available for each unit of grazing live- 
stock in the farms studied is, to a large extent, a measure of the intensity 
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with which the pasture lands were utilized in Southwestern Puerto Rico. 
It is also, though not exactly, an indication of the carrying capacity of the 
pastures of the area. In the tables 89 to 93 below, it is attempted to show 
how it is related to farm earnings and other factors of farm organization and 
operation. 


TABLE 89. RELATION OF CUERDAS IN AVAILABLE PASTURE PER 
GRAZING LIVESTOCK UNIT TO VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-48 


Cuerdas in available pasture per grazing 
livestock unit 

Number 

of 

farms 

Total 
cuer- 
das in 
farm 

Net 

cuerdas 

har- 

vested 

Cuer- 
das in 
cane 
har- 
vested 

Man 

equiv- 

alent 

Total 

capital 

in- 

vested 

Range Average 

Less than 1.0. 

0.7 

77 

31 

24 

17.1 

3.5 

1 

7,187 

1.0-1. 9 

1.7 

60 

121 

57 

40.0 

7.8 

26,388 

2. 0-2.9 

2.4 

52 

140 

62 

34.1 

7.0 

20,973 

3. 0-3. 9 

3.5 

29 

223 

59 

35.7 

8.0 

34,479 

4.0 and over. 

4.8 

22 

598 

151 

110.2 

23.5 

87,941 

TABLE 90. 

RELATION OF CUERDAS IN AVAILABLE PASTURE PER 


GRAZING LIVESTOCK UNIT TO LAND USE 




240 farms, Southwestern Puerto Rico, 1942-43 








Per cent 
net area 
harvested 
is of 
total 

Cuerdas in sugar 
cane harvested 

Cuerdas in available pasture per grazing 
livestock unit 

Eco- 

Number nomic 

Per 

cent 

Per 

cent of 
total 
arable 
land 

Per cent 
of net 
cuerdas 
har- 
vested 

Range 

Average 

farms 

class 

arable 

land 

Less than 1 .0 

0.7 

77 

3.3 

94 

80 

58 

73 

1.0-1. 9. 

1.7 

60 

3.5 

85 

55 

39 

70 

2. 0-2. 9 

2.4 

52 

3.9 

81 

54 

30 

55 

3.0-3. 9. ..... 

3.5 

29 

3.7 

90 

30 

18 

60 

4.0 and over. 

4.8 

22 

4.2 

93 

27 

21) 

73 


Various Size Factors. It was definitely found that the larger the size of 
the farm business the larger the area they had in available pasture iMir 
grazing livestock unit kept on the farm (table 89). 

The total farm acreage, the net cuerdas harvested, the cuerdas in sugar 
cane harvested, the number of men employed during the year, and the total 
capital invested, in general, increased consistently with increases in the 
number of cuerdas in available pasture per grazing livestock unit. 

Jjaud TJsq, The economic land class was found to increase consistently 
as the acreage of pasture available per grazing livestock unit increased 
(table 90). That is, the farms with the better lands were found to have less 
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pasture available per grazing animal unit than the farms located in the 
poorer lands. Very probably, the farmers found through experience that 
more profitable results could be obtained by cultivating better lands more 
intensively rather than leaving them in pasture for livestock raising. 

The per cent of the farm acreage which was arable did not show any rela- 
tionship with cuerdas in available pasture per grazing livestock unit. How- 
ever, the proportion of that arable land which was cultivated showed a 
relation which indicated a marked tendency of decreasing with increases in 
the amount of pasture per grazing animal unit. Apparently this reason 
may explain the larger amount of arable land left in pasture and conse- 
quently the larger amount of pasture available per grazing livestock unit. 

The per cent of the total arable land which was used in sugar cane was 
inversely related to the cuerdas in available pasture per grazing livestock 


TABLE 91. RELATION OF CUERDAS IN AVAILABLE PASTURE PER 
GRAZING LIVESTOCK UNIT TO LIVESTOCK 


240 farms, Southwestern Puerto Rico, 1942-43 


Aver- 
Per cent age 

invest- value 

ment per 

in Prodiic- 

live- tive 

stock unit 


$ 

Less than 1.0 0.7 77 7.9 94 57 61 10 90 

1.0- 1. 9 1.7 60 30.3 97 69 61 9 64 

2. 0- 2. 9 2.i 52 23.6 97 66 62 9 71 

3. 0- 3. 9 3.5 29 42.3 99 75 60 11 84 

4.0 and over 4.8 22 83.5 99 50 65 6 64 


Per cent 
cow 

Per Per units 

Cuerdas in available pasture per grazing cent cent is of 

livestock unit . Number Total graz- produc- produc- 

— — of animal ing tive tive 

Range Average farms units units units units 


unit. In other words, they decreased as the area in available pasture per 
grazing livestock unit increased. However, the per cent that the cuerdas 
in sugar cane harvested represented of the net cuerdas harvested showed no 
relationship with the amount of pasture available per grazing animal unit. 

Livestock. Although the total animal units in the farms studied were 
found to increase as the amount of pasture available per grazing livestock 
unit increased, the per cent which Tvas constituted by grazing livestock 
showed but. a very slight tendency, if any, to increase. Practically no 
variation was found (table 91). The per cent of the total farm livestock 
which was classified as productive was not related to the cuerdas in available 
pasture per grazing livestock unit. Furthermore, the proportion of the 
productive animal units which was constituted by dairy cows showed also 
to have no relation. Just a very slight tendency for the per cent of the total 
farm capital aocounted for by livestock to decrease as the area in pasture 
available per grazing animal unit increased, was observed. The same de- 
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creasing tendency was observed in the case of the average value per produc- 
tive animal unit. 

Use of Pasture Land. In table 92, the relation of cuerdas in available 
pasture per grazmg livestock unit to use of pasture land is presented. 

Both the total cuerdas in available pasture and in clear permanent pasture 
were found to show consistent increases with increases in the cuerdas in 


TABLE 92. RELATION OP CUERDAS IN AVAILABLE PASTURE PER 
GRAZING LIVESTOCK UNIT TO USE OF PASTURE LAND 
240 farms, Southwestern Puerto Rico, 1942-43 

Cuerdas in available Cuerdas in cl ear per- 
pasture manent pasture 


Cuerdas in available pasture per grazing 
livestock unit 

Number 

of 

farms 


Per 
cent of 
total 
cuer- 
das in 
farm 

Per 
cent of 
total 
arable 
land 


Per 
cent of 
availa- 
ble 

Range 

Average 

Total 

Total 

ture. 

Less than 1.0 

.. 0.7 

77 

6 

18 

19 

4 

67 

LO-1,9. 

.. 1.7 

60 

49 

40 

47 

44 

90 

2.0-2. 9 

.. 2.4 

52 

54 

39 

47 

49 

91 

3. 0-3. 9 

.. 3.5 

29 

148 

66 

74 

122 

82 

1.0 and over. 

.. 4.8 

22 

399 

67 

72 

325 

81 


TABLE 93. RELATION OF CUERDAS IN AVAILABLE PASTURE PER 
GRAZING LIVESTOCK UNIT TO RATES OF PRODUCTION, LABOR 
EFFICIENCY AND FARM EARNINGS 
240 farms, Southwestern Puerto Rico, 1942-43 

Cuer- 
Net das in 

Quarts cuerdas cane Capi- 

Cuerdas in available pasture per of milk har- bar- tal in- Gross Capi- 

grazing livestock unit Number per vested vested vested income tal Labor Labo 


of cow per per per per turn- in- eam- 

Range Average farms unit man man man man over come ings 


If If 

Less than 1. 0... . 0.7 77 822 6.7 4.9 2,058 1,016 2.03 1,244 1,530 

1-9-1.9 1.7 60 677 7.2 5.1 3,367 1,009 3.34 1,763 2,275 

2.0- 2. 9 2.4 52 717 8.8 4.9 3,000 1,082 2.77 2,362 2,894 

3.0- 3. 9 3.5 29 1,044 7.4 4.5 4,319 1,198 3.60 3,020 3,559 

4.0andover 4.8 22 756 6.4 4.7 3,741 1,186 3.16 3, .052 3,669 


av^able pasture per grazmg livestock unit. However, the per cent of the 
total available pasture represented by the clear permanent pasture showed 
no indication of being related. On the other hand, the per cent that the 
area in available pasture represented of both the total farm acreage and of 
the total arable land, showed marked and definite tendencies to increase as 
the in available pasture per grazing livestock unit increased. With no 
relative change in the amount of grazing livestock, as shown before, and an 
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increase in the relative amount of pasture, the logical result was, therefore, 
a larger acreage of available pasture per grazing animal unit. 

Rates of Prodmtion^ Labor Efficiency, and Farm Earnings, The relation 
of cuerdas in available pasture per grazing livestock unit to rates of produc- 
tion, labor efl&ciency, and farm earnings is presented in table 93. 

No apparent relationships were found to exist between quarts of milk 
produced per cow unit and the cuerdas in available pasture per grazing 
livestock unit. 

The labor efficiency, when measured in terms of net cuerdas harvested 
per man, and of cuerdas in sugar cane harvested per man, showed no rela- 
tionship at all. A tendency to increase, however, was observed when it was 
measured in terms of both capital invested and gross income per man. 

The capital turnover was found to show definite tendencies of increasing 
with increases in the cuerdas in available pasture per grazing livestock unit. 
That is, it takes less years for the gross receipts, which the farms with the 
lower acreages of available pasture per grazing livestock unit obtained in 
the crop year 1942^3, to equalize the total farm capital. Both labor in- 
come and labor earnings showed consistent increases with increases in the 
number of cuerdas of pasture available per unit of grazing stock. The 
farms with more pasture per grazing livestock unit were found to be larger 
in size; and therefore, the reasons which accounted for the larger returns on 
the larger farm businesses apply here, too. 

Summary of Relation of Intensity of Land Use 

to Farm Earnings and Other Factors 

In the preceding pages, the different relationships of intensity of land use 
to farm earnings and other factors were presented. Among several meas- 
ures, only four, which were considered to be of more significance, were se- 
lected; namely, economic land class, per cent net cuerdas harvested is of 
total arable land, per cent cuerdas in plant-cane is of cuerdas in cane har- 
vested and cuerdas in available pasture per grazing livestock unit. 
Many different relationships were found out of which some were considered 
to be more significant. A general summary of the most important findings 
is herewith presented: 

1. The farms falling in the better land classes and which cultivated them 
more intensively were found to be larger in size. 

2. The farms in the better lands were found to use less of the total arable 
land in crops, but the intensity .with which the land in crops was used 
was larger as shown by the fact that they had relatively more sugar 
cane, more plant-cane, less secondary crops, less productive animals, 
and more farm machinery. 

3. The farms in the poorer land classes were found to have relatively 
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more lands in pasture. Consequently, the relative importance of 
the livestock enterprise was larger for these farms. 

4. Irrigation practices were carried on mostly by the farms located in 
the better lands. 

5. Sugar cane yields were found to be higher for the farms falling in the 
better lands; however, these located in poorer lands showed to have 
better yields in the secondary crops grown. 

6. Labor efficiency was also observed to be higher for the farms which 
used their lands more intensively, that is, those located in the better 
lands. The farms cultivating between 65 to 79 per cent of the total 
arable land led in labor efficiency. Beyond this point it decreased 
substantially. 

7. The farms in the better lands were found to apply more inputs per 
cuerda, as shown by higher farm cash expenses, larger amounts of 
hired labor, and higher amounts of fertilizer used. 

8. Sugar cane was a more important source of income for the farms with 
the better lands. 

9. The farms on the lands which were used more intensively proved 
definitely to be financially more successful than those located in 
poorer lands. 

10. The practice of increasing plant-cane acreage proved to be desirable 
from the point of view of yields, but its intensification is definitely 
limited to certain extents by economic considerations. The highest 
returns were obtained by the farms which had up to 15 per cent of the 
cane harvested in plant-cane. 

11. Intensity of land use was not found to be related to age of operator. 

12. Farms in the better land classes were found to be supporting larger 
farm population. 

13. The farms in the better lands were consistently located at shorter 
distances from paved roads. 

14. The farms located in the extreme land classes were found to have the 
lowest farm mortgage burden. This is due to the fact that the farm- 
ers in the best lands had a greater economic solidity, and those in 
the poorer land classes are not only very suspicious of long-term 

credit but also present greater risks to this type of agency. 

Relation of Rates of Production to Farm Earnings and Other Factors 

Another important factor affecting farm profits is rates of production. 
The general principle is that higher rates of production, within limits, 
bring higher letiirns. The reason is that it costs more per acre or per pro- 
duetive animal to obtain higher yields or production but not per unit of 
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output. Within the limits of farmers’ practices, costs increase at slower 
rates than returns. 

There are definite limits to yields. It should be kept in mind that farm- 
ers are- dealing with living things and that weather conditions are bejmnd 
their control. Besides these phj^sical limitations, there are also definite 
economic limitations. As an example is the principle of diminishing re- 
turns. As increasing amounts of one factor of production are added to a 
fixed quantity of other factors, the amount of product increases at a de- 
creasing rate. Also profits increase at a decreasing rate until a point may 
be reached beyond which it is uneconomical to appty added quantities of a 
factor of production. Changes in the price of the product may cause this 
optimum point to fluctuate. It is also true that in agriculture, as well 
as in other industries, an item of cost carmot be increased without increas- 
ing some of the others. 

Good land and good animals are very important in increasing yields; 
but the farmers’ individual problem is to get the best proportion of the 
factors of production with -which they are working such as price of product, 
price of land, productivity of the land, quality of the animals, cost of labor, 
price of feed, price of fertilizer, price of other cost items, the amount of 
money at his disposal, etc. He should also correct adverse conditions 
limiting yields by relatively cheap methods. 

Tons of Sugar Cane per Cuerda 

In tables 94 to 99 presented below, it is attempted to present the rela- 
tion of tons of sugar cane per cuerda to farm earnings and various other 
factors. The fact that sugar cane was the leading crop in the area and 
that it was cultivated in the great majority of the farms studied makes of 
this factor an excellent measure of the rates of production of crops in the 
area studied. For the purpose of studying relationships only the informa- 
tion on the 186 farms which planted sugar cane during the crop year studied 
was included. 

Various Size Factors. Tons of sugar cane produced per cuerda was found 
to be directly associated with size of business (table 94). 

The size of the farms studied, as measured by total cuerdas in farm, net 
cuerdas harvested, cuerdas in sugar cane harvested, tons of sugar cane 
harvested, tons of sugar cane produced, man equivalent and total capital 
invested, increased consistently as the yield of sugar cane per cuerda in- 
creased. 

Land Use and Other Factors. The farms with the higher jdelds of sugar 
cane per cuerda were found to be located in the better land classes (table 
95). A very definite direct relationship ivas found between the two fac^ 
tors. That is, the farms with the better lands had the better yields. 
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No association was observed, however, between the per cent land arable 
and sugar cane yields. The proportion of the total arable land which was 
harvested showed, on the contrary, a marked tendency to decrease as the 
yields of cane increased. The farms with the higher sugar cane yields had 
consistently larger percentages of the net cuerdas harvested in sugar cane. 
In other Words, they were specialized to a higher extent on sugar cane 

TABLE 94. RELATION OF TONS OF SUGAR CANE PER CUERDA TO 
VARIOUS SIZE FACTORS 
186 farms, Southwestern Puerto Rico, 1942-43 


Tons of sugar cane per cuerda 

Range Average 

Number 

of 

farms 

Total 
cuer- 
das in 
farm 

Net 

cuer- 

das 

har- 

vested 

Cuer- 

das 

in 

cane 

har- 

vested 

Tons 

of 

cane 

har- 

vested 

Tons 

of 

sugar 

pro- 

duced 

Man 

eauiva- 

lent 

Total 

capital 

in- 

vested 

10 and less 

.... 8 

24 

62 

36 

16.0 

131 

15.9 

3.6 

i 

8,975 

11-15 

.... 13 

47 

68 

38 

25.6 

344 

45. D 

4.1 

10,213 

16-20 

.... 17 

66 

141 

46 

31.9 

549 

70.3 

5.8 

19,968 

21-25 

.... 23 

29 

143 

60 

42.5 

983 

124.9 

8.5 

27,283 

26 and over. . . . 

.... 31 

20 

638 

229 

201.1 

6,265 

798.3 

37.4 

134,870 


TABLE 96. RELATION OF TONS OF SUGAR CANE PER CUERDA TO 
INTENSITY OF LAND USE AND OTHER FACTORS 
186 farms, Southwestern Puerto Bico, 1942-43 

Per Per Percent Percent 
cent cent cuerdas invest- 
Eco- of ara- net har- in plant inent in 

Tons of sugar cane per cuer da nomic Per cent ble land vested cane is machin- 


Number land land bar- land in of total cry and 

Range Average of farms class arable vested cane cane equipment 


10 and less........ 8 24 4.0 92 63 44 10 5 

11-15 .13 47 3.6 93 59 68 6 3 

16-20 .17 66 3.3 84 38 70 16 4 

21-25 23 29 2.8 90 46 71 21 3 

26 and over. 31 20 2.0 89 40 88 28 17 


growing. These farms also showed definite tendencies of having relatively 
larger acreages of plant-cane. The farms with higher yields of sugar 
cane, in addition, were found to be mechanized to a larger extent. There- 
fore, better lands, more plant-cane and probably better cultivation prac- 
tices aided by more and better machinery contributed largely to the higher 
yields. 

Irrigation. In table 96 below, it is demonstrated that the farms with 
higher yields of sugar cane per cuerda practiced irrigation to a larger extent 
than those w'hich had lower yields of cane. 
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The investment in irrigation equipment, as well as the acreage of sugar 
cane irrigated was found to be larger, both expressed in absolute and rela- 
tive amounts, for the farms w-ith higher yields of sugar cane per cuerda. 
This fact is an additional reason which accounted for the higher yields of 
cane obtained. 


TABLE 96. RELATION OF TONS OF SUGAR CANE PER CUERDA TO 

IRRIGATION 

186 farms, Southwestern Puerto Rico, 1942-43 


Investment in irrigation Cuexdas of sugar capie 

equipment irrigated 


Per Per 

cuerda cuerda Per cent Per Cent 

Tons of sugar cane per cuerda of cane of cane Per cent of total of cane 

Number bar- irri- of total arable bar- 

Range Average of farms Total vested gated capial Total land vested 


I I I 

10 and less 8 24 20 1 53 0.2 0.4 0.6 2.3 

11-15 13 47 0 0 0 0.0 0.0 0.0 0.0 

16-20 17 66 115 4 28 0.6 4.2 3.5 13.0 

21-25 23 29 99 2 14 0.4 6.9 5.3 16.2 

26 and over 31 20 14,792 74 105 11.0 140.4 24.7 69.8 


TABLE 97, RELATION OF TONS OF SUGAR CANE PER CUERDA TO 
OTHER RATES OF PRODUCTION AND LABOR EFFICIENCY 
186 farms, Southwestern Puerto Rico, 1942-43 

Net Cuerdas 
cuerdas in cane 

Tons of sugar cane per Tons of Percent har- har- 


cuerda sugar sucrose Tons of vested vested Capital Gross 

Number per content cane per per per invested income 


, I I ■ 

10 and less 8 24 1.0 12.09 36 9.9 4.4 2,465 733 

11-15 13 47 1.8 13.06 84 9.2 6.3 2,500 929 

16-20 17 66 2.2 12.81 95 7.9 5.5 3,443 1,071 

21-25 ... 23 29 2.9 12.70 115 7.0 5.0 3,192 1,197 

26 and over 31 20 4.0 12.74 168 6.1 5.4 3,608 1,258 


Other Rates of Production and Labor Efficiency. Thus tons of sugar pro- 
duced per cuerda were found to increase consistently as the tons of sugar 
cane per cuerda increased (table 97). This was solely the effect of higher 
tonnage since no relationship was found between tons of sugar cane per 
cuerda and the per cent sucrose content of cane. 

The labor efficiency, measured in terms of tons of sugar cane per man, 
capital invested per man and gross income per man, in general was found 
to increase consistently as the yields of sugar cane per cuerda increased. 
However, when it was expressed in terms of net cuerdas harvested per man, 
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coEsistent decreases were observed with increases in the tons of sugar cane 
per Guerda. The number of cuerdas in sugar cane harvested per man 
showed no relationship with sugar cane yields. In general it may be con- 
cluded that labor efficiency, measured in outputs per man, was higher for 
the farms with higher yields of sugar cane per cuerda. 

jPam Expenses. The total expenses in hired labor were found to increase 
consistent^ with increases in the tons of sugar cane per cuerda (table 98). 
However, the per cent represented by hired labor expenses in sugar cane 
increased consistently up to the group of farms which had yields of cane 
Tanging between 21 to 25 tons per cuerda. Beyond this point a substantial 
decrease was observed. 

The hired labor expenses in sugar cane per cuerda of cane harvested were 
found to increase consistently as yield of cane per cuerda increased. When 

TABLE 98. RELATION OF TONS OP SUGAR CANE PER CUERDA TO 

FARM EXPENSES 

186 farms, Southwestern Puerto Rico, 1942-43 

Per cent 

Total hired Hired Hired 

ex- labor labor ex- labor ex- Fertilizer 

penses ex- pensesin pensesin costs per 

Number in hired penses cane per cane per cuerda 
of farms labor in cane cuerda ton of cane 


■ . , I III 

10 and less 8 24 862 48 26 3.17 4 

11-15 13 47 1,208 70 33 2.45 6 

16-20 .....17 66 2,029 71 45 2.62 8 

21-25 23 29 2,444 97 56 2.41 7 

26 and over 31 20 20,688 60 76 2.45 10 


they were expressed in terms of per unit of production the reverse relation- 
ship was observed. That is, the hired labor expenses in sugar cane per 
tone of cane harvested were found to indicate a definite marked tendency 
of decreasing with increases in yields of cane. In other words, it costs more 
per cuerda to obtain higher yields of sugar cane but not per ton produced. 
Fertilizer expenses per cuerda of cane harvested wure also found to increase 
with increases in sugar cane yields. These larger applications of fertilizer 
and of other inputs, together with better lands, more plant-cane, more 
mechanization, and more irrigation, wure mainly responsible for the higher 
tonnage of sugar cane per cuerda obtained. 

. Farm Earnings. The higher the tonnage of sugar cane per cuerda, 
the higher the farm earnings of the farms studied (table 99). 

The return on capital of the farms studied showed consistent increases 
with increases in sugar cane yields. However, when it was expressed in 
terms of a per cent of the total farm capital the increases did not show to 


Tons of sugar cane per cuerda 
Range Average 
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be consistent. The per cent return on capital increased with sugar cane 
yields up to the group of farms which ranged between 21 to 25 tons of 
sugar cane per cuerda. Beyond this point a substantial decrease was ob- 
served for the group of farms which had yields above 25 tons of sugar cane 
per cuerda. The capital turnover tended to decrease as the yields of sugar 
cane increased. 

Net farm cash income, labor income and labor earnings were intimately 
related with sugar cane yields. They showed consistent increase with in- 
creases in the tons of sugar cane produced per cuerda. 

To summarize, farm earnings from the point of view of capital invest- 
ment, were found to be limited by sugar cane yields up to certain extents 
beyond which it was uneconomical to continue increasing yields. On the 
other hand, from the standpoint of the operator’s return there was, ap- 

TABLE 99. RELATION OF TONS OF SUGAR CANE PER CUERDA TO 

FARM EARNINGS 

186 farms, Southwestern Puerto Rico, 1942-43 

Tons of sugar cane Per 


per cuerda Num- Return centre- Capital Net farm 

ber of on turnon turn cash Labor Labor 

Range Average farms capital capital over income income earnings 

I $ $ S 

10 and less 8 24 788 8.8 3.36 1,252 670 1,094 

11-15... 13 47 1,309 12.8 2.69 1,651 1,093 1,506 

16-20 17 66 2,379 11.9 3.21 2,460 1,626 2,120 

21-25 23 29 4,692 17.2 2.67 5,095 3,534 3,975 

26 and over 31 20 15,922 11.8 2.87 18,725 8,632 9,198 


parently, no limitation found within the extent of the sugar cane yields 
obtained by the farms studied. 

Crop Index 

A crop index was calculated to measure the yields per cuerda of crops 
other than sugar cane. The fai'ms studied were grouped according to 
their crop index and its relationship to farm earnings and other factors 
was studied. The results found are presented belmv in tables 100 to 105. 

Various Size Factors. No consistent relationship was observed between 
crop index (excluding sugar cane) and size of business (table 100). 

It was observed, however, that the largest farms, as measured by total 
cuerdas in farm, net cuerdas harvested, cuerdas in sugar cane harvested, 
total animal units, man equivalent and total capital invested, had the low- 
est crop index. In general the other groups of farms studied were, on the 
average, of almost the same size. 

Crop index, as calculated, measured only the yields of the secondary 
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crops in the area. As stated before, the largest farms were highly special- 
ized in sugar cane growing and planted secondary crops mostly to qualify 
for the Agricultural Adjustment Administration pa^^ments. In many 
eases, these crops were abandoned right after government inspection. Con- 


TABLE 100. RELATION OP CROP INDEX (EXCLUDING SUGAR CANE) 
TO VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Crop index [excludin 

Range 

Net i 

g sugar cane) Total cuerdas 

Number cuerdas bar- 

Average of farms in farm vested 

Cuerdas 
in cane 
hat' 
vested 

Total 

animal 

units 

Man 

equiv- 

alent 

Total 

capital 

in- 

vested 

Less than 50 . . . 

27 

35 

498 

135 

113.7 

88.1 

22.3 

$ 

83,889 

50- 74 

.... 63 

40 

94 

45 

27.8 

15.6 

5.8 

15,998 

75- 99 

.... 86 

50 

79 

40 

20.8 

15.0 

4.4 

13,754 

100-124 

.... Ill 

33 

90 

44 

24.2 

16.4 

5.5 

13,524 

125-149 

.... 136 

31 

151 

47 

25.6 

29.5 

6.3 

22,261 

150-174 

.... 159 

22 

67 

39 

26.5 

12.0 

5.0 

16,836 

175 and over. . . 

.... 215 

29 

82 

40 

22.1 

18.3 

4.7 

13,497 

TABLE 101. 

RELATION OF CROP INDEX (EXCLUDING SUGAR CANE) 




TO LAND USE 






240 farms, Southwestern Puerto Rico, 1942-43 








Per 

Per 


Per cent 






cent of 

cent 


total bar- 






arable 

total 

Per cent 

vested 





Eco- Per 

land 

area 

net bar- 

land in 

Crop index (excluding sugar cane) 


Num- : 

Qomic cent 

bar- 

liar- 

vested 

tobacco, 



— - 

ber of 

land land 

vested 

vested 

land in 

cotton 

Range 

Average 


farms 

class arabl 

e 

net 

cane 

and corn 

Less than 50 . . . 

27 


35 

2.9 87 

31 

94 

84 

11 

50-74 

63 


40 

3.8 93 

51 

77 

62 

38 

75- 99 

86 


50 

4.0 84 

61 

84 

52 

36 

100-124 

Ill 


33 

3.7 93 

53 

83 

55 

32 

125-149 

136 


31 

3.7 91 

34 

84 

54 

35 

150-174 

......... 159 


22 

3.8 93 

62 

86 

68 

22 

175 and over. . . 

215 


29 

3.2 90 

53 

85 

56 

32 


sequently, yields were lower than those obtained by smaller farms which 
depended more on them as a source of direct income. 

Land Use. In table 101 it was attempted to present the relationships 
between crop index (excluding sugar cane) and land use. 

No consistent relationship was observed to exist between crop index and 
economic land class. However, the farms with the lowest crop index 
were found to be located in the better land classes. They Gultivated the 
lowest percentage of the total arable land and practiced intercropping and 
doublecropping to the least extent. They were also found to have the 
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largest proportion of their net cuerdas in crops planted in sugar cane. 
On the contrary, they had relatively the smallest acreage in the secondary 
crops. The other groups of farms studied did not show much variation as 
to quality of the lands in which they were located and its use. 

Farm expenses and Receipts. In general, no consistent relationship was 
observed between crop index (excluding sugar cane) and farm expenses 
and receipts (table 102). 

The farms with the lowest crop index had the largest expenses per net 
cuerda harvested. They specialized more in sugar cane which requires 
larger expenditures per cuerda. The other farms did not show much vari- 
ation between themselves. The per cent that expenses in hired labor 
represented of total farm cash expenses shelved no relation with crop index. 

TABLE 102. RELATION OF CROP INDEX (EXCLUDING SUGAR CANE) 
TO VARIOUS FARM EXPENSES AND RECEIPTS 
240 farms, Southwestern Puerto Rico, 1942-43 

Per cent 

expenses Per cent 

Farm cash in hired income 

Crop index (excluding expenses labor is Percent Percent fromto- 


sugar cane) per net of total income income bacco, 

Number cuerda cash ex- from crop from cotton 

Range Average of farms harvested penses sales cane sales and corn 

- 

Less than 50 27 35 120 73 68 67 1 

50- 74 63 40 64 69 67 58 9 

75- 99 86 50 48 63 63 44 17 

100-124 Ill 33 60 62 61 42 17 

125-149 136 31 66 68 .53 37 14 

150-174 159 22 66 73 75 64 9 

175 and over 215 29 59 65 62 42 15 


The per cent that crop sales constituted of the farm gross receipts i¥as 
not related to crop index. In fact, it did not show much variation, on the 
average, among the different groups of farms studied. A very clear tend- 
ency for the farms with the higher crop index to derive less of their gross 
income from sugar cane was observed. On the other hand, they depended 
to a larger extent on the income derived from tobacco, cotton and corn. 
A marked tendency corroborating this finding was observed. 

Labor Efficiency. No relationship was found betiveen crop index (ex- 
cluding sugar cane) and labor efficiency (table 103). 

When labor efficiency was measured in terms of net cuerdas harvested 
per man and cuerdas in sugar cane harvested per man, no relationship with 
crop index ivas found. Both the capital invested and the gross income 
per man showed no relationship with crop index. However, the group of 
farms with the lowest crop index had the highest labor efficiency, as meas- 
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iired by these two factors. The return on labor per man, indicated a 
tendency to increase with increases in the crop index. The relationship 
found, however, cannot be considered very significant. 

Farm Earnmgs, Crop index (excluding sugar cane) \vas not found to be 
related to farm earnings (table 104). 


TABLE 103. RELATION OF CROP INDEX (EXCLUDING SUGAR CANE) 
TO LABOR EFFICIENCY 
240 farms. Southwestern Puerto Rico, 1942-43 


Crop index (excluding 
sugar cane) 

Net cuer- Cuerdas 
das har- in cane 

Number vested harvested 

of farms per man per man 

Capital 
invested 
per man 

Return 

Gross 

Range 

Average 

per man 

per man 







$ 

1 

Less than 50 . . 

. 27 

35 

6.0 

5.1 

3,760 

732 

1,201 

50- 74 

. 63 

40 

7.8 

4.8 

2,768 

766 

1,024 

75- 99 

. 86 

50 

9.3 

4.8 

3,159 

693 

978 

100-124 

. Ill 

33 

8.0 

4.4 

2,458 

669 

925 

125-149 

. 136 

31 

7.5 

4.1 

3,554 

732 

1,036 

150-174 

. 159 

22 

7.7 

5.3 

3,349 

761 

1,064 

175 and over. . 

. 215 

29 

8.5 

4.7 

2,895 

876 

1,163 

TABLE 104. 

RELATION OF CROP INDEX (EXCLUDING SUGAR CANE) 



TO FARM EARNINGS 




240 farms, Southwestern Puerto Rico, 1942-43 


Crop index (excluding 
sugarcane) 

Number 
of farms 

Capital 

turnover 

Return 
on labor 

Net farm 
cash in- 
come 

Labor 

income 

Labor 

earnings 

Range 

Average 





$ 


1 

$ 

Less than 50 . . 

. .. . 27 

35 

3.13 

16,340 

9,571 

4,012 

4,518 

50- 74. 

. . . . 63 

40 

2.70 

4,430 

2,838 

1,851 

2,283 

75- 99 . 

. . . . 86 

50 

3.23 

3,018 

2,035 

1,325 

1,764 

100-124 

. ... Ill 

33 

2.66 

3,682 

2,133 

1,433 

1,931 

125-149, 

136 

31 

3.43 

4,584 

3,048 

1,842 

2,376 

150-174 

. ... 159 

22 

3.15 

3,825 

2,557 

1,520 

1,868 

175 and over . . 

. ... 215 

29 

2.49 

4,084 

2,855 

2,088 

2,495 


When farm earnings were measured in terms of capital turnover, no 
relationship with crop index was found to exist. It was only observed 
that the group of farms with the lowest crop index had the highest capital 
turnover while those with the highest crop index had the lowust. 

The return on labor, net farm cash income, labor income and labor earn- 
ings of the farms studied were not found to be related to crop index. The 
farms with the lowest crop index, however, had consistently the highest 
farm earnings as measured by these four factors. For the other groups of 
farms they did not vary too much. 
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Farm M ortgage Indebtedness and Other Factors, In table 105 the relation- 
ship of crop index (excluding sugar cane) to farm mortgage indebtedness 
and other factors is presented. 

Crop index, age of operator and farm population were not found to be 
related. However, the population of the farms with the lowest crop index 
was found to be the largest. Although no relationship was found to exist 
between crop index and distance of farm to nearest paved road, it was ob- 
served that the farms near the extremes in crop index were located at shorter 
distances. 

No relationship was also found between crop index (excluding sugar 
cane) and the mortgage burden of the farms studied. When the total 


TABLE 105. EELATION OF CROP INDEX (EXCLUDING SUGAR CANE) 
TO FARM MORTGAGE INDEBTEDNESS AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Crop index 
(excluding sugar cane) 

Range Average 

Number 

of 

farms 

Age 

of 

opera- 

tor 

Farm 

popula- 

tion 

Distance 

to 

nearest 

paved 

road 

(kms.) 

Farm mortgage indebteiness 

Per Per 

total cent 

cuerda of total 
Total in farm capital 







$ 

$ 

1 

Less than 50. 

27 

35 

53 

53 

0.6 

1,629 

3 

2 

50- 74 

63 

40 

46 

17 

0.8 

1,509 

16 

9 

75- 99 

86 

50 

50 

17 

1.4 

1,042 

13 

8 

100-124 

111 

33 

48 

22 

1.0 

867 

10 

6 

125-149 

136 

31 

53 

22 

0.9 

1,702 

11 

8 

150-174 

159 

22 

48 

14 

0.7 

930 . 

14 

6 

175 and over 

215 

29 

44 

17 

0.9 

579 

7 

4 


farm mortgage indebtedness was expressed per total cuerda in farm or as a 
per cent of the total farm capital, it was found that the farms at the ex- 
tremes of the crop index had the lowest farm mortgage burden. The re- 
lationships, however, were not consistent nor significant. 

Bimmary of Relation of Rates of Production 

to Farm Earnings and Other Factors 

Rates of production, as measured by tons of sugar cane produced per 
cuerda, were found to be very influential on the farm earnings of the farms 
studied in Southwestern Puerto Rico. The yields of the secondary crops, 
as measured by crop index (excluding sugar cane) proved to be no deciding 
factor on the profitableness of the farms surveyed. As shown before, 
sugar cane accounted for nearly nine-tenths of the total crop sales of the 
farms under study. It was also by far the most important crop grown 
in the area from the point of view of acreage. This fact explains why tons 
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of sugar cane per cuerda were found to be of such, a great influence in 
determining the success of the farms in Southwestern Puerto Rico. 
Furthermore, it also explains why the rates of production of the second- 
ary crops bore no relationship to farm earnings. 

It is attempted below to summarize the most important relationships 
found to exist between tons of sugar cane per cuerda, farm earnings and 
other factors. 

1. The larger sized farms had the better yields of sugar cane per cuerda. 

2. The farms located in the better land classes were found to have the 
higher yields of sugar cane. 

3. The farms with higher yields of sugar cane had relatively larger 
acreages of sugar cane and harvested higher percentages of plant-cane. 

4. The farms with higher sugar cane yields were found to be mechanized 
to a larger extent, which indicates that very probably better cultiva- 
tion practices were caiuied on by these farms. 

5. Irrigation practices were found to be carried on to larger extents by 
the farms with the higher yields of cane. 

6. Labor efficiency, when measured in terms of output per man, was 
higher for the farms with higher yields of sugar cane per cuerda. 

h It cost more per cuerda to produce higher yields of sugar cane but 
not per ton of cane produced. That is, the value of the inputs ap- 
plied per cuerda were found to be higher for the farms with higher 
yields of sugar cane, but resulted lower when expressed in terms of 
per ton of cane produced. 

8. Better lands, more plant-cane harvested, better cultivation resulting 
from higher mechanization, more irrigation practiced and higher 
inputs per cuerda including heavier applications of fertilizer, were 
mainly responsible for the higher yields of sugar cane obtained. 

9. The higher the tonnage of sugar cane per cuerda, the higher the opera- 
tor’s returns were found to be. From the point of view of capital 
investment, however, farm earnings were found to be limited by 
sugar cane yields up to certain extents beyond which it proved to be 
uneconomical to continue increasing yields. 

Relation of Labor Efficiency to Farm Earnings and Other Factors 

The efficiency with which labor is used in a farm is very influential in its 
success or failure. Labor is the most important single cost in farming. 
Its importance has been and will continue increasing with passing time. 
Cost of living, in general, as well as the standard of living of laborers has 
beki consistently increasing. It is, therefore, very logical to expect 
increasing pressure on the part of laborers from higher and higher wages. 
Farm laborers are no exception. 
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This increasing importance of labor cost in farming demands corre- 
sponding increases in the output per worker in agriculture. Farms must 
keep pace with this increased efficiency in the use of labor. Otherwise, 
if they cannot go with this trend, they will be forced out of business and 
others will have to do the job, if they can. 

Working more efficiently does not mean working longer hours. On the 
contrary, it means more and better work done per man, higher output 
units per man, higher returns per man. Labor efficiency is very tied up to 
size of business. The larger the size within certain economic limits, the 
more efficient the farm labor can be used. Of no less importance also are 
other factors such as good labor distribution, use of well-established ma- 
chinery, use of modern methods of communication and transportation, good 
farm layout and buildings arrangement, good planning and timing of the 
work to be done, and good labor management. Farms need to watch out 
for the|e factors carefully in order to achieve higher labor efficiency and, 
consequently have a more successful farm business. 

Labor efficiency on a farm may be measured either in terms of cuerdas 
and number of animals cared for per man or in terms of the quantity pro- 
duced per man. Usually, the first method is used and the latter, which 
involves rates of production, is discarded in view of the fact that it is easier 
to measure rates of production separately. In the case of the farms studied 
in Southwestern Puerto Rico, it -was preferred to measure labor efficiency 
in terms of gross income per man. It was considered the fact that the 
study was covering an entire region which included different types of farm 
businesses. In the absence of such good measures as productive man work 
units per man or output units per man, it was believed that gross income 
per man would serve better the purpose of comparing, on equal basis, the 
different farms studied in the whole region. 

Farm Gross Income per Man ■ 

The relation of gross income per man, as a measure of labor efficiency, 
to farm earnings and other factors of farm organization and functioning 
is presented in tables 106 to 111 which follow. 

Various Size Factors. The relation of farm gross income per man to 
various size factors is shown in table 106. 

As the gross income per man increased, size of business, as measured by 
total cuerdas in farm, net cuerdas harvested, cuerdas in sugar cane har- 
vested, total animal units and total capital invested, increased consistently 
up to the group of farms which had gross income per man ranging from 
$1200 to $1400. The farms above, which had gross income per man of 
$1400 and over, w^ere found to be smaller than the previously-mentioned 
farms. In other words, the farms with the highest labor efficiency were 
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not the largest in size. As indicated before, labor efficiency is very tied 
up with size of business. Within certain economic limits, labor efficiency 
and size of business are directly associated. However, beyond those limits, 
it may decrease with increases in size. This is the point which individual 


TABLE 106. RELATION OF FARM GROSS INCOME PER MAN TO VARIOUS 

SIZE FACTORS 

240 farmSj Southwestern Puerto Rico, 1942-43 


Gross income per man 

Total 

Number cuerdas 

Net 

cuerdas 

arvested 

Cuerdas 
in cane 
har- 
vested 

Total 

Man 

equiva- 

lent 

Total 

capital 

Range 

Average 

farms 

farm h 

units 

vested 

S 

$ 







S 

Less than 400 

.. 282 

35 

24 

11 

2.5 

5.7 

2.3 

2,863 

400- 599 

516 

42 

27 

13 

5.3 

7.0 

2.4 

4,060 

600- 799 ... . 

. . 703 

43 

no 

36 

11.5 

19.3 

4.2 

11,377 

800- 999 ... . 

. . 913 

41 

118 

52 

26.9 

23.2 

6.4 

18,412 

1900-1199 .... 

.. 1,051 

25 

203 

82 

65.0 

51.7 

3.7 

43,832 

1200-1399 .... 

.. 1,271 

22 

517 

175 

150.4 

70.1 

26.4 

95,127 

1400 and over. 

, . . 1,609 

32 

270 

92 

66.0 

30.8 

9.6 

45,578 

TABLE 107. 

RELATION OF FARM GROSS INCOME PER MAN TO LAND USE 


240 farms, Southwestern Puerto Rico, 1942-43 



Gross income per man 

Number 

of 

farms 

Eco- 

nomic 

land 

class 

Per 

cent 

of 

Per arable 

cent land 

land har- 

arable vested 

Per 

cent 

total 

area 

har- 

vested 

net 

Per 
cent 
net 
har- 
vested 
land in 
cane 

Per 
cent 
total 
har- 
vested 
land in 
to- 
bacco, 
cotton 
and 
corn 

Range 

Average 

$ 

$ 




» 




Less than 400. 

282 

35 

4.5 

88 

53 

69 

22 

65 

400- 599 .... 

516 

42 

4.1 

89 

56 

82 

39 

50 

600- 799 

703 

43 

3,8 

77 

42 

78 

32 

50 

800- 999 

913 

41 

3.2 

91 

49 

81 

52 

3P 

1000-1199. ... 

1,051 

25 

3.3 

84 

48 

86 

79 

18 

1200-1399 .... 

1,271 

22 

3.3 

93 

36 

95 

86 

9 

1400 and over. 

1,609 

32 

2.7 

90 

38 

89 

72 

17 


farms or governmental agencies in charge of land tenure policies should 
watch carefully. 

Land Use, Labor efficiency, as measured by gross income per man, \vas 
found to be higher for the farms which were located on better land classes 
(table 107). That is, the farms wdth the better land used labor more 
efficiently. 

The proportion of the total farms acreage classified as arable showed no 
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relationsliip with labor efficiency. On the other side, it ivas found that the 
per cent of the total arable land which was harvested showed a tendency 
to decrease as the labor efficiency increased. The extent to which double- 
cropping and intercropping was followed on the farms had nothing to do 
with the efficienc}' in the use of labor. A very marked tendency for the 
farms with the larger gross income per man to have a higher percentage of 
the net cuerdas harvested in sugar cane, was observed. Conversely, the 
relative importance of tobacco, cotton and corn, form the point of view 
of acreage, tended to decrease with increases in labor e^ficienc 3 ^ 


TABLE 108. RELATION OF FARM GROSS INCOME PER MAN TO VARIOUS 
FARM EXPENSES AND RECEIPTS 
240 farms, Southwestern Puerto Rico, 1942-43 


Gross income per man 

Number 

of 

farms 

Total 
cash 
ex- 
penses 
per net 
cuerda 
har- 
vested 

Per 
cent 
ex- 
penses 
in hired 
labor 
is of 
total 
cash 

Per 

cent 

income 

from 

crop 

sales 

Per 
^ cent 
income 
from 

Per 
cent 
cane 
sales 
is of 
total 
crop 
sales 

Per 
^ cent 
income 
from 
to- 
bacco, 
cotton 
and 

Range 

Average 

penses 

sales 

sales 

$ 

# 


$ 






Less than 400. . 

282 

35 

30 

60 

62 

21 

34 

41 

400- 599 

516 

42 

42 

58 

59 

30 

51 

27 

600- 799 

703 

43 

44 

64 

61 

29 

47 

29 

800- 999 

913 

41 

60 

66 

58 

39 

67 

17 

1000-1199 

1,051 

25 

102 

71 

64 

60 

94 

3 

1200-1399 

1,271 

22 

115 

73 

72 

70 

97 

2 

1400 and over. . 

1,609 

32 

71 

67 

60 

52 

87 

5 


Various Farm Expenses and Receipts. In table 108 it is attempted to 
present the relation of farm gross income per man, as a measure of labor 
efficiency, to various farm expenses and receipts. 

In general, the inputs applied per net cuerda harvested, as measured by 
the total farm cash expenses, were found to be larger for the farms with a 
larger labor efficiency. The farms having the largest labor efficiency, how- 
ever, did not apply the larger inputs per net cuerda harvested. The same 
group of farms which had from $1200 to $1400 in gross income per man 
reported, on the average, the largest amount of cash expenditures per net 
cuerda harvested. These farms were also found to have the largest per- 
centage of the total farm cash expenses represented by expenses in hired 
labor..' ■, 

The importance of crop sales as a source of income in the farms studied 
was found to bear no relationship at all with labor efficiency. In fact, very 
little variations were observed, on the average, among all groups of farms 
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Studied. It was observed, however, that the farms which ranged between 
$1200 and $1400 in gross income per man had the highest per cent income 
from crop sales. These farms also had the largest per cent income from 
sugar cane sales, but the lowest per cent income from tobacco, cotton and 
corn sales. The per cent income from sugar cane sales showed marked 
tendencies to increase with increases in labor efficiencj'', up to that group 
of farms, and, thereupon showed a substantial decline. The relative im- 
portance of tobacco, cotton and corn as a source of income, on the contrary, 
showed tendencies of decreasing mth labor efficiency increases down to the 
same group of farms, and then, showed an increase. 

TABLE 109. REL.ATION OF FARM GROSS INCOME PER MAN TO VARIOUS 
OTHER LABOR EFFICIENCY FACTORS 
240 farms. Southwestern Puerto Rico, 1942-43 
Net Cuerdas 

cuerdas in cane Capital Return 

har- har- in- on 

Gross income per man Number vested vested vested labor 


— - of per per per per 

Range Average farms man man man man 

$ $ is 

Less than 400 282 35 5.0 1.1 1,264 258 

400- 599 516 42 5.7 2.2 1,715 402 

600- 799 703 43 8.4 2.7 2,685 490 

800- 999.. 913 41 8.2 4.2 2,893 628 

1000-1199 1,051 25 6.0 4.8 3,207 708 

1200-1399 1,271 22 6.6 5.7 3,609 788 

1400 and over. 1,609 32 9.5 6.9 4,737 1,149 


Various Other Labor Efficiency Factors, Other measures of labor effi- 
ciency were related to farm gross income per man and. the results are pre- 
sented in table 109. 

Net cuerdas harvested per man were not consistently related with gross 
income per man, but the relationship found indicated a definite tendency for 
both to increase together. Cuerdas in sugar cane harvested per man, 
capital invested per man and returns on labor per man were found to be 
very closely associated. They all showed consistent increases as the gross 
income per man increased. 

Farm Earnings, Labor efldciency was found to have a very direct in- 
fluence on farm earnings (table 110). 

The capital turnover of the farms studied showed a clear tendency to 
decrease with increases in labor efficiency. The farms ranging from |1 200 
to |1400 in gross income per man had the lowest capital turnover. 

The return on labor and net farm cash income increased with increases 
in labor efficiency , as measured by gross income per man. Again, the farms 
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which reported having, on the average, gross income per man ranging 
from §1200 to §1400 had the largest return on labor and net farm cash 
income. 

Both labor income and labor earnings were very closely related W'itii labor 
efficiency. As the efficiency in the use of labor increased, labor income and 
labor earnings showed very consistent increases. 

TABLE no. RELATION OF FARM GROSS INCOME PER MAN TO FARM 

EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 

Net 

Gross income per man Number Capital Return farm Labor 


of turn- on cash Labor earn- 

Range Average farms over labor income income ings 

$ $ $ $ S $ 

Less than 400 282 35 4.48 583 241 -72 229 

400- 599 516 42 3.32 952 519 218 517 

600- 799 703 43 3.82 2,077 1,166 485 978 

800- 999 913 41 3.17 3,993 2,299 1,406 1,892 

1000-1199 1,051 25 3.05 9,676 5,430 3,194 3,674 

1200-1399 1,271 22 2.84 20,780 11,467 5,377 6,034 

1400 and over 1,609 32 2.94 11,053 8,018 6,119 6,704 


TABLE 111. RELATION OF FARM GROSS INCOME PER MAN TO FARM 
MORTGAGE INDEBTEDNESS AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Gross income per man 

Number 
of farms 

Age of 
operator 

Farm 

popu- 

lation 

Distance 
to near- 
est paved 
road (kms.) 

Farm mortagge indebtedness 

Total 

Per total 
cuerda 
in farm 

Per cent 
of total 
captal 

Range 

Average 

i 

s 





S 

$ 


Less than 400 

282 

35 

55 

16 

1,3 

0 

0 

€ 

400™ 599 .. . 

516 

42 

53 

15 

1.1 

234 

9 

0 

600- 799 .. . 

703 

43 

48 

28 

1.0 

830 

8 

7 

800- 999 .. . 

913 

41 

48 

18 

0.9 

1,367 

12 

7 

1000-1199. .. 

1,051 

25 

49 

23 

0.6 

1,082 

5 

,2 . 

1200-1399 . . . 

1,271 

22 

43 

39 

0.8 

3,278 

6 

3 

1400 and over 1 , 609 

32 

44 

33 

0.7 

2,730 

10 

6 


Farm Mortgage Indebtedness and Other Factors. In table 111, farm mort- 
gage indebtedness and other factors were related with labor efficiency, as 
measured by farm gross income per man. 

A tendency for the age of the operator to be lower from the farms wffiich 
had a higher labor efficiency was observed. Apparently, younger farmers 
were able to use labor more efficiently. The popffi^tion of the farms with 
higher gross income per man were also found to be larger in size. Fur- 
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thermore, the farms which reported having a higher labor efficiency were 
located closer to paved roads. 

Although the total farm mortgage indebtedness showed tendencies of 
being larger for the farms of higher gross income per man, no relationship 
was found to exist when it was expressed in terms of per total cuerdas in 
farm, or as a per cent of the total farm capital. Only a tendency for the 
farm having the extreme labor efficiency to have the lowest farm mortgage 
burden was observed. This same tendency has been previously noticed 
and explained. 

Su7nmary of Relation of Labor Efficiency 
to Farm Earnings and Other Factors 

The following were the most important relationships found between 
labor efficiency, as measured by farm gross income per man, to farm earn- 
ings and other factors. 

1. The higher the labor efficiency the larger the size of farm business 
w’as found to be. However, the very largest farms did not have the 
highest labor efficiency. 

2. Labor was utilized more efficiently in the farms located in the better 
lands. 

3. Labor efficiency bore no relationship to the amount of doublecropping 
and intercropping carried on in the farms studied. 

4. The farms with higher percentages of the net cuerdas harvested in 
sugar cane had a higher labor efficiency. 

5. In general, the inputs applied per net cuerda harvested were found to 
be larger for the farms with a larger labor efficiency . The farms with 
the lagest labor efficiency, however, did not apply the largest in- 
puts per cuerda. 

6. Sugar cane sales was a more important source of income for the farms 
with a larger labor efficiency. The importance of crop sales as a 
source of income was found to bear no relationship at all to labor 
efficiency. 

7. Labor efficiency was found to have a very distinct and direct in- 
fluence on farm earnings. The higher the labor efficiency the larger 
the farm earnings. 

8. Younger farm operators were found to use labor more efficiently 
than the older ones. 

9. The farm population was larger in the farms where labor was utilized 
more efficiently. 

10. The farms which had higher labor efficiency were found to be located 
closer to paved roads. 
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IL No apparent relationship existed between labor efficiency and farm 
mortgage burden, except a tendency for the farms with the extreme 
efficiency in the use of labor to have the lowest mortgage burden. 

Relation of Comhination of Enterprises 
to Farm Earnings and Other Factors 

The problem of selecting and combining the enterprises on a farm is 
chiefly the concern of the individual farmer. It is true that the general 
tendency in agriculture, as well as in manufacturing enterprises, is towards 
specialization. But nobody can tell whether a specialized or a diversified 
farm pays better. No general rules can be established. A combination 
which is best for one farm, under one set of conditions, may be entirely 
VTong on another farm under another set of conditions. It depends on the 
conditions under which the farmer is operating. The problem is one of 
adaptation to conditions. 

In selecting the best combination of enterprises for an individual farm 
the first thing to be determined is the relative profits from the different 
enterprises best adapted to the farm. The adaptation depends primarily 
on their requirements of climate, soils, topography and markets. To 
combine the adapted enterprises into a good business, other factors have 
to be considered such as a good labor distribution, the best utilization of 
the tillable and iintillable lands, the best utilization of by-products, the 
maintenance of farm productivity, the rotation practices to be followed, 
the amount of risk involved in different enterprises, the desirability of a 
good distribution of income during the year, the best use of buildings and 
machinery, the amount of capital available, and, to some extent, the type 
of farming of the neighbors. Personal preferences or prejudices should be 
considered after all others. 

In general, it could be said that wherever two or more enterprises are 
found to be about equally profitable, a diversified farm business is most 
desirable. But where there is one enterprise which is far more profitable 
than any other, a specialized business is desirable. 

In Southwestern Puerto Rico there exists an apparent specialization in 
sugar cane growing. In the following pages we attempt to describe the 
extent to which this type of specialization contributed to the success of the 
farms studied in the ai'ea during the crop year 1942-43. Several factors, 
measuring the importance of the sugar cane enterprise in the farms sur- 
veyed were related to farm earnings and other factors of organization and 
operation; namely, per cent area in sugar cane is of total cuerdas harvested, 
per cent income from sugar cane, and per cent sales of sugar cane is of 
total crop sales. The most important findings are presented below. 
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Per Cent Area in Sugar Cane Is of Total Ciierdas Harvested 

The relation of per cent area in sugar cane is of total ciierdas harvested 
to farm earnings and other factors is presented in tables 112 to 117 which 
follow. They will give an idea of the influence of relatively larger sugar 
cane acreages on the financial success of the farmers in Southwestern Puerto 
Rico. 

Various Size Factors. Sugar cane specialization, as measured by the 
proportion that the sugar cane acreage was of the total cuerdas harvested, 
showed tendencies to be related wdth size of business (table 112). Although 
no general consistent relationships ivere found, definite tendencies for size 
of business to increase together with the per cent area in sugar cane is of 
total cuerdas harvested \vere observed. 


TABLE 112. RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 
CUERDAS HARVESTED TO VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent area in sugar cane 

is of total cuerdas harvested Total. Net cuer- 

Number cuerdas das har- 

Range Average of farms in farm vested 

Cuerdas 
in cane 
harvested 

Tons of Tons Man 
cane har- of sugar equiv- 
vested produced alent 

Total 

capital 

invested 

0 

0 

54 

105 

28 

0.0 

0 

0.0 

3.6 

S 

12,222 

Less than 40 

18 

28 

145 

49 

10.9 

169 

21.2 

5.1 

15,971 

40-54 

46 

35 

89 

50 

26.3 

405 

53.2 

4.9 

15,477 

55-69 

63 

42 

54 

32 

24.1 

408 

52.0 

4.0 

10,171 

70-84 

80 

52 

234 

73 

62.4 

1,376 

178.6 

11.5 

42,779 

85 and over. 

93 

29 

322 

127 

119.6 

3,509 

441.2 

20.1 

64,183 


Size of business was measured in this case by total cuerdas in farm, net 
cuerdas harvested, cuerdas in sugar cane harvested, tons of sugar cane 
harvested, tons of sugar produced, man equivalent and total capital 
invested. Only the tons of sugar cane harvested showed consistent increases 
in sugar cane acreage. 

Land Use and Other factors. In general, the farms with relatively larger 
acreages in sugar cane had the better lands, as indicated by the economic 
land class (table 113). However, no relationship ivas observed between the 
per cent of the farm acreage which was arable and sugar cane .specializa- 
tion, No relationship was also found to exist between the per cent of the 
total arable land which was harvested and the relative importance of sugar 
cane acreage. , 

The farms with larger acreages of sugar cane were found to be mechanized 
to a larger extent than those with relatively less sugar cane, as shown by 
the fact that they had consistently larger investments in machinery and 
equipment per net cuerda harvested. When the total farm capital was 
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expressed in terms of per cuerda of arable land, consistent increases with 
increases in the relative importance of the sugar cane acreage were ob- 
served. In other words, the better lands could support economically larger 
investments per cuerda. 


TABLE 113. RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 
CUERDAS HARVESTED TO LAND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent area in sugar 
cane is of total cuerdas harvested 

Eco- 
nomic 
Number land 
of farms class 

Per cent 
Per cent of arable 
land land 

arable harvested 

Total 

Equipment capital in- 
investment vested per 
per cuerda cuerda of 
harvested arable land 

Range 


Average 

0 


0 

54 

4.9 

90 

30 

i 

9 

1 

129 

Less than 40 . 


18 

28 

3.7 

74 

46 

8 

150 

40-54 


46 

35 

3.4 

89 

63 

10 

197 

55-69 


63 

42 

3.8 

93 

64 

19 

203 

70-84 


80 

52 

3.1 

88 

35 

29 

208 

85 and over. . 


, , . 93 

29 

2.0 

94 

42 

108 

212 

TABLE 114. 

RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 



CUERDAS HARVESTED TO IRRIGATION 




240 farms, Southwestern Puerto Rico, 1942-43 




Investment in irrigation equipment 




Per cent area in 

sugar 





Cuerdas in sugar cane irrigated 

cane is of total cuerdas 


Per 

Per 





harvested 

Num- 

cuerda 

cuerda 



Per cent 




her 

of cane 

of cane 

Per cent 


of total 

Per cent 


Aver- 

of 

har- 

irri- 

of total 


arable 

of cane 

Range 

age 

farms Total 

vested 

gated 

capital 

Total 

land 

harvested 



1 

# 

$ 





0 

. 0 

54 0 

0 

0 

0.0 

0.0 

0.0 

0,0 

Less than 40 . 

. 18 

28 17 

2 

20 

0.1 

0.9 

0.8 

7.9 

40-54 

. 46 

35 3 

* 

* 

t 

0.0 

0,0 

0.0 

55-69 

. 63 

42 75 

3 

144 

0.7 

0.5 

1.0 

2.2 

70-84 

. 80 

52 588 

9 

28 

1.4 

21.0 

10.2 

33.6 

85 and over. 

. 93 

29 9,396 

79 

126 

14.6 

74.3 

24.5 

62.1 


* Leas than $0.50. 
t Less than 0.05 per cent. 


Irrigation. In table 114, the relation of per cent area in sugar cane is of 
total cuerdas harvested to irrigation is presented. 

Definitely it was corroborated that the farmers who had relatively har- 
vested more sugar cane owned practically all the irrigation equipment and 
practiced almost all the irrigation which was carried on in the farms stud- 
ied. They also irrigated larger percentages of their sugar cane land. 

Rates of Production and Labor Efficiency. Rates of production, as meas- 
ured by tons of sugar cane per cuerda and tons of sugar produced per cuerda, 
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were in general consistently higher for the farms with relatively larger 
acreages in sugar cane (table 115). 

The degree of efficiency in the utilization of labor was found to be higher 
on the farms with larger percentages of their total cuerdas harvested in 
sugar cane. The tons of sugar cane produced per man as well as the gross 
income per man showed consistent increases with increases in the per cent 
that the area in sugar cane was of the total cuerdas harvested. 

The farms with the largest net acreage harvested per man were found to 
be those which had between 40 to 54 per cent of their total cuerdas har- 
vested in sugar cane. Beyond this point, consistent decreases were ob- 
served. The same thing happened in the case of cuerdas in sugar cane 
harvested per man. The farms which had from 55 to 69 per cent of the 
total crop acreage in sugar cane were the ones to report the largest number 

TABLE 115. RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 


CUERDAS HARVESTED TO RATES OF PRODUCTION AND LABOR 

EFFICIENCY 

240 farms, Southwestern Puerto Rico, 1942-43 


Per cent area in sugar 
cane is of total cuerdas 
harvested 

Number 

of 

farms 

Tons of Tons of 
cane sugar 
per per 

cuerda cuerda 

Net Cuerdas 

Tons cuerdas in cane Capital 
of cane harvested harvested invested 
per man per man per man per man 

Gross 
income 
per man 

Range 

Average 

0. ......... 

. 0 

54 

0 

0.0 

0 

7.8 

0.0 

s 

3,411 

$ 

733 

Less than 40 

. 18 

28 

16 

2.0 

33 

9.6 

2.1 

3,112 

878 

40-54 ...... 

. 46 

35 

15 

2.0 

83 

10.3 

5.4 

3,182 

932 

55-69 

. 63 

42 

17 

2.2 

103 

8.1 

6.1 

2,670 

1,023 

70-84 

, 80 

52 

22 

2.9 

120 

6.4 

5.4 

3,734 

1,185 

85 and over. 

. 93 

29 

29 

3.7 

175 

6.3 

6.0 

3,199 

1,253 


of cuerdas in sugar cane harvested per man. Beyond this point, as in the 
former case, gradual declines were observed. 

The capital invested per man and the relative importance of the sugar 
cane acreage in the farms studied showed no apparent relationship. In 
fact, very little variation among the different groups of farms studied was 
found to exist. 

Various Farm Expenses and Receipts. The hired labor expenses in sugar 
cane tended to be relatively higher for the farms with higher percentages 
of their total cropland in sugar cane (table 116). These farms also tended 
to apply more inputs per cuerda of cane as measured by the hired labor 
expenses in sugar cane per cuerda of cane harvested. The hired labor 
expenses in sugar cane when expressed in terms of per ton of cane harvested, 
howwer, showed a definite tendency to decrease as the importance of the 
sugar cane acreage increased. Heavier applications of fertilizer were also 
made in the farms which specialized more in the sugar cane enterprise. 
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The farms specialized to a larger extent in sugar cane groiving, as meas- 
ured by the per cent that the sugar cane acreage was of the total ciierdas 
harvested, had, on the average, larger receipts from sugar cane per cuerda 
of cane harvested. They also were found to derive a larger proportion of 
their gross income from sugar cane. 


TABLE 116. RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 
OUERDAS HARVESTED TO VARIOUS FARM EXPENSES AND RECEIPTS 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent area in sugar cane is of 
total cuerdas harvested 

Range Average 

Number 

of 

farms 

Percent Hired Hired Total Per 

hired labor labor Fertilizer cane cent 

labor expenses expenses costs per receipts income 
expenses in cane in cane cuerda per from 

in cane per cuerda per ton of cane cuerda cane 





i $ $ $ 

t 

0 

0 

54 

0 

0 0.00 0 0 

0 

Less than 40 . 

18 

28 

39 

48 3.10 6 122 

29 

40-54 

46 

35 

63 

36 2.33 6 117 

68 

55-69 

63 

42 

76 

37 2.19 7 135 

80 

70-84 

80 

52 

70 

56 2.55 9 167 

77 

85 and over. . 

93 

29 

87 

73 2.49 8 204 

97 

TABLE 117. 

RELATION OF PER CENT AREA IN SUGAR CANE IS OF TOTAL 


CUERDAS HARVESTED TO FARM EARNINGS 



240 farms 

, Southwestern Puerto Rico, 1942-43 


Per cent area in sugar 





cane is of total cuerdas 


Per cent 

Net 


harvested 

Number 

Return 

return 

farm 



of 

on 

on 

Capital cash Labor 

Labor 

Range 

Average farms 

capital 

capital 

turnover income income 

earnings 



$ 


S $ 

$ 

0 

.. 0 54 

892 

7.3 

4.65 1,131 542 

968 

Less than 40. 

. . 18 28 

1,771 

11.1 

3.55 2,082 1,240 

1,740 

40-54 

..46 35 

1,764 

11.4 

3.42 2,179 1,249 

1,785 

55-69 

..63 42 

1,543 

15.2 

2.51 1,978 1,318 

1,733 

70-84 

..80 52 

5,689 

13.3 

3.15 5,698 3,730 

4,208 

85 and over. . 

..93 29 

7,585 

11.8 

2.55 9,601 4,211 

4,600 


Farm Earnings, Specialization in sugar cane, as measured by per cent 
area in sugar cane is of total cuerdas harvested, was found to be intimately 
related to the financial success of the farms studied (table 117). 

The return on capital was found to increase consistently with increases 
in the relative importance of the sugar cane acreage. However, when it 
was expressed as a per cent of the total farm capital, consistent increases 
were observed up to the group of farms which had 55 to 69 per cent of their 
total crop acreage in sugar cane. The per cent return on capital decreased 
substantially beyond this point. A marked tendency was also observed for 
the farms with relatively more sugar cane to have a lower capital turnover. 
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Sugar cane specialization, net farm cash income, labor income and labor 
earnings were found to be very directly associated. In general they all 
increased consistently together. 

Per Cent Sales of Sugar Cane Is of Total Crop Sales 

The relation of sales of sugar cane is of total crop sales to farm earnings 
and other factors is presented in table 118 to 121 which follow. This factor 
measures, from the standpoint of crop sales, the importance of the sugar 
cane enterprise as compared to other crops grown on the farms studied. 
It also measures, to some extent, the importance of the sugar cane enter- 
prise, considering the farm business as a whole. 

Various Size Factors, In table 118 it is attempted to present the rela- 
tion of per cent sales of sugar cane is of total crop sales to various size 
factors. 

TABLE IIS. RELATION OF PER CENT SALES OF SUGAR CANE IS OP 
TOTAL CROP SALES TO VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Per cent sales of sugar cane 

is of total crop sales Number Total Net Cuerdas Tons of Man Total 


. — of cuerdas cuerdas in cane cane equi- capital 

Range Average farms in farm harvested harvested harvested valent invested 

$ 

0 0 54 105 28 0.0 0 3.6 12,222 

Less than 75... 46 47 134 56 22.0 284 5.8 16,151 

75-94 87 52 64 38 25.1 466 4.3 12,112 

95 and over... . 99 87 245 84 76.0 2,015 13.4 47,276 


Sugar cane specialization proved to be directly related to size of farm 
business, as measured by cuerdas in sugar cane harvested and tons of sugar 
cane harvested. They both increased consistently as the per cent sales 
of sugar cane is of total crop sales increased. When size of business was 
measured by total cuerdas in farm, net cuerdas harvested, man equivalent 
and total capital invested, no consistent direct relationships were ob- 
served. However, very definite tendencies for these factors to increase 
with increases in the degree of sugar cane specialization were found to 
exist- 

Land Use and Other Factors. Sugar cane specialization, as measured by 
per cent sales of sugar cane is of total crop sales, was related to land use 
and other factors. The relationships found are shown in table 119. 

The farms more highly specialized in the sugar cane enterprise were 
found to be located in the better lands of the area. 

The per cent land arable showed no relationship with sugar cane speciali- 
zation. The same lack of relationship was observed in the case of the 
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per cent of the land which was harvosted. However, both groups of 
farms at the extreme in sugar cane specialization reported having, on the 
average, the lowest percentages of their total arable land harvested. The 
farms in which sugar cane sales accounted for between 75 to 94 per cent of 
their total crop sales harvested the highest proportion of their arable lands. 
These same observations were noticed in the case of the per cent of the 
total arable land which was planted in sugar cane. The per cent that the 
sugar cane acreage constituted of the net cuerdas harvested was found to 
increase consistently as the percent of the total crop sales derived from sugar 
cane increased. 

The total capital invested per cuerda of arable land increased with in- 
creases in sugar cane specialization. This was due, of course, to the higher 
value of the better lands as well as to the higher investments in machinery 
and equipment per cuerda which these better lands could stand. 


TABLE 119. RELATION OF PER CENT SALES OF SUGAR CANE IS OF 
TOTAL CROP SALES TO LAND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Per cent Total in- 

Per cent sales of sugar cane Percent Percent net vestments 

is of total crop sales Number Economic Percent of arable of arable harvested per cuerda 


of land land land land land of arable 

Range Average farms class arable harvested in cane in cane land 

i 

0 0 54 4.9 90 30 0 0 129 

Less than 75 46 47 3.9 81 52 20 39 148 

75-94 87 52 3.4 88 67 45 67 215 

95andover 99 87 2.8 91 38 34 90 213 


Rates of Production and Labor Efficiency. 'The tons of sugar cane pro- 
duced per cuerda and sugar cane specialization, was measured by per cent 
sales of sugar cane is of total crop sales, were found to be closely directly 
associated (table 120). The higher the degree of specialization, the better 
the yields of. cane were found to be. As indicated before, these farms were 
located in the better lands and were found also to apply more inputs per 
cuerda of cane cultivated. 

Labor efficiency, as measured by both tons of sugar cane produced per 
man and gross income per man, were found to be directly associated with 
the degree of specialization in the sugar cane enterprise. They all were 
found to increase consistently together. 

Both cuerdas in sugar cane harvested per man and return on labor per 
man indicated a tendency to increase with increases in the per cent of the 
total crop sales constituted by sugar cane. Based on these two factors, the 
farms with the highest labor efficiency were those in which sugar cane sales 
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accounted for between 75 to 94 per cent of the total crop sales. Beyond 
this point, decreases in labor efficiency were recorded. 

Net eiierdas harvested per man and capital invested per man were found 
to bear no relationship to sugar cane specialization. 

Farm Earnings. Specialization in the sugar cane enterprise proved to 
be intimately related to farm earnings (table 121). 

The farms with larger percentages of their crop sales accounted for by 
sugar cane sales had consistently larger returns on capital. Wlien the 

TABLE 120. RELATION OF PER CENT SALES OF SUGAR CANE IS OF 
TOTAL CROP SALES TO RATES OF PRODUCTION AND 
LABOR EFFICIENCY 
240 farms, Southwestern Puerto Rico, 1942-43 


Per cent sales of sugar cane 
|is of total crop sales 

Number 

of 

farms 

Tons 

of 

cane 

per 

cuerda 

Tons Net Cuerdas 

of cuerdas in cane Capital 

cane harvested harvested invested 

Returnon 

labor 

pet 

man 

Gross 

income 

per 

man 

Range 

Average 

man man man 

man 






$ 

$ 

$ 

0 

.. . 0 

54 

0 

0 7.8 0.0 

3,411 

477 

733 

Less than 75, . 

...46 

47 

13 

49 9.7 3.8 

2,789 

626 

865 

75-94 

...87 

52 

19 

111 8.8 5.9 

2,829 

810 

1,097 

95 and over. . . 

. . . 99 

87 

26 

147 6.3 5.7 

3,537 

794 

1,213 

TABLE 121 

. RELATION OF PER CENT SALES OF SUGAR CANE IS OF 


TOTAL CROP SALES TO FARM EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 


Per cent sales of sugar 
is of total crop sales 

Number 

of 

farms 

Return 

on 

capital 

Per cent 
return 

on Capital 

capital turnover 

Return 
on labor 

Labor 

income 

Labor 

earnings 

Range Average 




1 


$ 

1 

$ 

0 

. . 0 

54 

892 

7.3 4.65 

1,717 

542 

968 

Less than 75 , 

. . 46 

47 

1,809 

11.2 3.22 

3,631 

1,343 

1,880 

75-94. 

87 

52 

1,914 

15.8 2.58 

3,483 

1,564 

2,026 

95 and over. . 

.. 99 

87 

5,815 

12.3 2.92 

10,640 

3,611 

3,936 


return on capital was expressed as a per cent of the total farm capital, 
consistent increases were found to occur as sugar cane specialization in- 
creased, up to the farms which derived between 75 to 94 per cent of their 
total crop sales from sugar cane. A substantial decrease beyond this point 
was recorded. A very definite tendency for the gross receipts of the farms 
less specialized in sugar cane to take more years to equalize the total farm 
capital was observed. 

Sugar cane specialization w^as found to be closely associated with the 
return on labor, labor income and labor earnings of the farms studied in 
Southwestern Puerto Rico. In other words, the more the farms studied 
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specialized in the sugar cane enterprise the higher the farm earnings were 
found to be. This finding is corroborated here once more. 

Per Cent Income from Sugar Cane 

The relation of degree of sugar cane specialization, as measured by per 
cent income from sugar cane, to farm earnings and other factors is shown 
in tables 122 to 127 presented below. This factor measures sugar cane 
specialization from the income viewpoint, and, therefore takes into con- 
sideration the farm business as a whole. 

Various Size Factors. The relation of per cent income from sugar cane 
to size of business is presented in table 122. 

Although no definite consistent relationship was observed between per 
cent income from sugar cane and size of business, there was a tendency for 

TABLE 122. EELATION OF PER CENT INCOME FROM SUGAR CANE TO 
VARIOUS SIZE FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Net Cuerdas Tons of 

Per cent income from sugar cane Number Total cuerdas in cane cane Tons of Man Total 


of cuerdas bar- bar- bar- sugar equi- capital 

Range Average farms in farm vested vested vested produced valent invested 


I 

0 0 54 105 28 0.0 0 0.0 3.6 12,222 

Less than 45 21 25 149 48 9.1 125 15.2 5.2 15,520 

45-59 52 23 322 75 48.5 745 98.6 9.7 43,665 

60-74 66 36 56 29 20.2 322 39.9 4.1 10,247 

75-89 82 45 125 56 42.7 924 120.4 8.2 27,476 

90 and over 97 57 213 96 86.9 2,385 302.1 13.8 43,935 


the larger farms to derive more of their gross income from sugar cane. Curi- 
ously enough, the farms which derived from 45 to 59 per cent of their gross 
income from cane had a larger farm acreage than, and about the same total 
capital invested as, the farms which made nine-tenths or more of their gross 
receipts from sugar cane. These farms were mostly owned by people who 
have some of their lands at the valley planted in sugar cane and still larger 
acreages in pasture located in the surrounding hills or in the dry coastal 
area. The hilly and coastal lands are utilized principally in livestock farm- 
ing, mainly dairying- On the other side, the farms which derived from 60 
to 74 per cent of their gross income from sugar cane had the smallest total 
acreage and the smallest total capital investment. These ones are mainly 
the property of farmers who only own smaller acreages in the valley proper 
and utilized them mostly in sugar cane growing. This partly explains the 
apparent inconsistency observed between size of business and per cent 
income from sugar cane. 
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Land Use and Other Factors. In table 123 the relationships found to exist 
between sugar cane specialization and land use and other factors are pre- 
sented. 

The farmers more specialized in the sugar cane business had better lands 
than those with a less degree of specialization. That is, they were located 
in better land classes than the other farms. 

The per cent of the total farm acreage which was arable showed no re- 
lationship with per cent income from sugar cane. However, a tendency 
for the farms more specialized in sugar cane to have higher percentages of 
their total arable land harvested was observed. The per cent of the net 
area harvested which was in sugar cane was found to increase consistently 
wdth increases in sugar cane specialization, as measured by per cent in- 
come from sugar cane. 

TABLE 123. RELATION OF PER CENT INCOME FROM SUGAR CANE TO 
LAND USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Percent Equip- Total in- 
Eco- Per Per cent net ment in- vestments 
Per cent income from sugar cane Number nomic cent of arable harvested vestment per cuerda 


of land land land land in per cuerda of arable 

Range Average farms class arable harvested cane harvested land 

- - 

0 0 54 4.9 90 30 0 9 129 

Less than 45 21 25 3.8 72 44 19 9 144 

45-59 52 23 3.7 91 26 64 20 149 

60-74.. 66 36 3.8 91 58 69 14 202 

75-89 82 45 3.2 82 55 76 32 269 

90 and over 97 57 2.5 95 47 91 78 218 


The farms more highly specialized in sugar cane growing were mechanized 
to a larger extent than those ivhere sugar cane was of relatively less im- 
portance from the viewpoint of income. Sugar cane growdng naturally 
requires larger investments in machinery and equipment. The machinery 
and equipment is not only larger in quantity but is of a more expensive 
nature, especially if it is for irrigation purposes. Logically, the total 
capital invested per cuerda of arable land was found to be higher for the 
farms which specialized more in the sugar cane enterprise. As indicated 
before, both the higher value of the better lands and the larger investments 
in machinery and equipment were mainly responsible for this relationship. 

Irrigation. It is attempted in table 124 to indicate the fact that the 
farms studied in Southwestern Puerto Rico which were specialized in sugar 
cane to a higher extent had larger investments in irrigation equipment. 
They consequently practiced irrigation to considerably larger extents than 
those where the sugar cane enterprise was of less importance. 
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Rates of Production and Labor Efficiency. Rates of production , as meas- 
ured by tons of sugar cane, and tons of sugar, produced per cuerda, were 
intimately related to the degree of sugar cane specialization in the farms 
studied (table 125). They were found to increase consistently with in- 
creases in the per ' cent income from sugar cane. As prewously shown, 

TABLE 124. RELATION OF PER CENT INCOME FROM SUGAR CANE TO 

IRRIGATION 

240 farms, Southwestern Puerto Rico, 1942-43 


Per cent income from sugar 
cane 


Range Average 


Investment in irrigation Cuerdas in sugar cane 

equipment irrigated 

Per 

Per cuerda Per Per cent Per cent 

Num- cuerda of cane cent of total of 

ber of cane irri- of total arable cane 

farms Total harvested gated capital Total land harvested 


$ $ $ 

0 0 54 0 0 0 0.0 0.0 0.0 0.0 

Less than 45 .... 21 25 19 2 20 0.1 1.0 0.9 10.5 

45-59 52 23 168 4 13 0.4 13.1 4.5 27.0 

60-74 66 36 0 0 0 0.0 0.0 0.0 0.0 

75-89 82 45 491 12 52 1.8 9.4 9.2 22.1 

90 and over 97 57 4,919 57 110 11.2 44.6 22.1 51.3 


TABLE 125. RELATION OF PER CENT INCOME FROM SUGAR CANE TO 
RATES OF PRODUCTION AND LABOR EFFICIENCY 
240 farms, Southwestern Puerto Rico, 1942-43 

Net Cuerdas 

Tons cuerdas in cane Capital Gross 
of har- har- invested income 

cane vested vested per per 

per per per man man 

man man man 

I I 


0 0 54 0 0,0 0 7.8 0,0 3,411 733 

Less than 45 21 25 14 1.7 24 9.2 1.8 2,982 844 

45-59 52 23 15 2.0 77 7.7 5.0 4,487 1,153 

60-74 66 36 16 2.0 78 7.1 4.9 2,484 897 

75-89 82 45 22 2.8 112 6.8 5.2 3,342 1,041 

90 and over 97 57 27 3.5 173 6.9 6.3 3,189 1,278 


Per cent income from sugar cane 


Range 


Average 


Tons Tons 

of of 

Number cane sugar 

of per per 

farms cuerda cuerda 


better lands, irrigation and higher inputs applied per cuerda explain these 
higher yields. 

Labor efficiency is always very much related to size of business. As in- 
dicated above, no consistent relationship was found to exist between size of 
business and per cent income from sugar cane. Consequently, no general 
consistent relationship was observed between per cent income from sugar 
cane and labor efficiency as measured by. various factors. For instance, 
cuerdas in sugar cane harvested per man and tons of sugar cane produced 
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per: man increased consistently with increases in sugar cane specialization. 
On the otiier side, when labor efficiency was measured in terms of gross in- 
come per man, only a slight tendency to increase as the degree of sugar 
cane specialimtion increased was recorded. No relationship at all was, 
observed between both net ciierdas harvested per man, and capital invested 
per man with per cent income from sugar cane. 

Varimis Farm Expenses and Receipts, The farms which derived higher 
percentages of their gross receipts from sugar cane, that is, those which 
specialized more in sugar cane production, applied more inputs per cuerda 
of cane harvested (table 126). 

Hired labor expenditures in sugar cane per cuerda of cane harvested 
increased with increases in the percent income from sugar cane. HoW' ever, 

TABLE 126. RELATION OF PER CENT INCOME FROM SUGAR CANE TO 
VARIOUS FARM EXPENSES AND RECEIPTS 


240 farms, Southwestern Puerto Rico, 1942-43 


Per cent income from sugar cane 

Number 
of farms 

Per cent 
hired 
labor 
expenses 
in cane 

Hired 
labor 
expenses 
in cane 
per cuerda 

Hired 
labor 
expenses 
in cane 
per ton 

Fertilizer 
costs per 
cuerda of 
cane 

Total 
cane 
receipts 
per cuerda 

Range 

Average 





1 

1 

$ 

$ 

0 . 

0 

54 

0 

0 

0.00 

0 

0 

Less than 45 

...... 21 

25 

35 

51 

3.75 

5 

100 

4^59 

52 

23 

59 

44 

2.87 

7 

121 

60-74 

66 

36 

67 

40 

2.53 

8 

122 



82 

45 

68 

52 

2.42 

9 

164 

90 and over. 

97 

57 

79 

67 

2.43 

8 

196 


they were found to decrease nearly consistently wTen expressed in terms of 
per ton of cane harvested. The sugar cane enterprise consumed larger 
proportions of the total hired labor expenses in the farms specialized to a 
higher extent in sugar cane production. They were also found to make 
heavier applications of fertilizer per cuerda of cane harvested. Higher 
:^ields per cuerda accounted for consistently larger total receipts from sugar 
cane per cuerda of cane harvested. 

Farm Earnings. Per cent income from sugar cane and farm earnings 
w ere not found to be so closely associated. Only tendencies for the farms 
with higher percentages of their gross income derived from sugar cane to 
have larger farm earnings were observed (table 127). 

The return on capital, net farm cash income, labor income and labor 
earnings of the. farms which derived from 45 to 59 p.er cent of their gross 
teceipts from sugar cane were second to those obtained by the farms where 
sugar . cane accounted for 90 per cent or more of their total gross income. 
It ivas explained before that considerable portions of the lands of these 
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farms were located on the siiiTOunding- hills and coast line, and that they 
were mostly used in pasture for livestock rais,ing and dairying,. This fact 
suggests the advisability of considering livestock raising and dairying as 
a profitable enterprise adapted to the hilly and coast lands not irrigable 
surrounding the valle\^ 

The return on capital, when expressed as a per cent of the total capital 
inA?’estment showed definitely a tendency to increase as the degree of speciali- 
zation in sugar cane was higher. It was also found that the farms more 
highly specialized in sugar cane tended to have lower capital tiinioA’'er than 
those where sugar cane was less important. Therefore, from the capital 
inAustment standpoint, the higher the degree of specialization in sugar 
cane, the better the financial success of the farms studied in Southwesterii 
Puerto Rico. 

TABLE 127. RELATION OF PER CENT INCOME FROM SUGAR CANE TO 

FARM EARNINGS 

240 farms, Southwestern Puerto Rico, 1942-43 

Per cent income Per cent Net 

from sugar cane Return return Capital farm 


— Number on on turn- ^ cash Labor Labor 

Range Average of farms capital capital over income income earnings 

I $ I I 

0 0 54 892 7.2 4.65 1,131 542 968 

Less than 45 .... 21 25 1,654 10.7 3.53 1,955 1,148 1,643 

45»59 52 23 5,100 11.7 3.89 4,905 3,195 3,932 

60-74. 66 36 1,151 11.2 2.77 1,433 921 1,344 

75-89 82 45 3,121 11.4 3.21 3,448 1,954 2,423 

90 andover. .... 97 57 6,165 14.0 2.50 7,436 3,976 4,338 


Summary of Relation of Combination of Enterprise 

to Farm Earnings and Other Factors 

Sugar cane was by far the most important and profitable enterprise in 
the farms studied in Southwestern Puerto Rico during the crop year 1942” 
43. SeAmral factors which attempt to measure the degree to which the 
farms siirA^yed specialized in this enterprise were related aboA-e to farm 
earnings and other factors of farm organization and operation. The most 
important findings obserA’'ed are summarized below. 

The farms which specialized to a larger extent in the sugar cane business: 

1. Tended to be larger in size. 

2. Were found to be located in better land classes. 

3. Were mechanized to a larger extent. 

4. Had larger investments per cuerda of arable land. 

■ 5. ' Had larger investments in irrigation equipment and carried: irrigation 
practices to larger extents. 
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6. Were found to have higher yields of sugar cane per cuerda. 

7. Utilized labor more efficiently. 

S. Tended to apply more inputs per cuerda of sugar cane including such 
. items as labor and fertilizer. 

9. Were found to have larger returns both from the standpoint of capital 
investment and of returns to operators. 

It was stated previously that no general rules can be established as to 
the best combination of enterprises. The only assertion made was that 
wherever two or more enterprises are found to be about equally profitablCj 
a diversified farm business is most desirable, but where there is one enter- 
prise which is far more profitable than any other, a specialized farm business 
is desirable. There is no doubt that sugar cane was the most profitable 
enterprise in the farms studied in the Lajas Valley proper during the crop 
year 1942-43. Therefore, its intensification is highly commendable. 
It was a'SO found that livestock raising, mainly dairy farming, was ap- 
parently the enterprise most profitably adapted to the hilly and coast 
lands not irrigable surrounding the valley. 

Relaiim of Farm Mechanization to Farm Earnings and Other Factors 

The extent to which farms are mechanized may be very influential on 
farm returns. Mechanization is very important from both standpoints of 
saving human labor and doing a better work. However, low investments 
in machinery and equipment do not mean higher efficiency in the use of 
same and \dce-versa. The main objective of mechanizing is to do better 
work in the least period of time and with a minimum of human labor, 
which is becoming more and more expensive every day. 

To achieve higher efficiency in the use of machinery and equipment and 
to reduce its cost, several factors must be taken into consideration. Only 
the necessary equipment should be bought and, if possible buy second-hand 
equipment if the amount of use is small. In this way depreciation and 
interest costs would not be so high. The equipment purchased should 
also be properly cared for. This does not mean that it should not be used 
much. On the contrary, the more a machine is used, the less the fixed ex- 
penses, such as depreciation and interest are. Farmers themselves should 
be very careful in watching out for these points. 

Per Cent Imesimeni in Machinery and Equipment 

Is of Total Capital Invested 

In Southwestern Puerto Rico, the degree of farm mechanization among 
the farms studied showed significant variations. Therefore, it is attempted 
to show in tables to 133, which follow, its relation to the financial suc- 
cess of the farm businesses studied and to other factors. The per cent 
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that the total investments in machinery and equipm.ent constituted of the 
total farm capital was used as an indication of the extent of farm .mechani- 
zation. 

Various Size Factors. As was logically expected, the size of fausi,ness 
was found to be intimately related to farm mechanization (table 128). ' 


TABLE 128. RELATION OF PER CENT INVESTAIENT IN AIACHINERY 
AND EQUIPMENT IS OF TOTAL CAPITAL INVESTED TO VARIOUS 

SIZE FACTORS 

240 farms, Southwestern Puerto Rico, 1942-43 

Per cent investment in ■ 

machinery and equipment Net Cuerdas jXons of Tons of Total 

is oftotal capital invested Total cuerdas in cane cane sugar Man capital 

Number cuerdas bar- bar- bar- pro- equiv- in- 

Range Average of farms in farm vested vested vested duced alent vested 


I 

Less than 1... 0.2 56 31 20 15.4 308 40.1 2.9 6,039 

1-2 1.9 87 156 47 19.0 333 43.2 5.4 18,769 

3-4 3.7 45 160 60 42.8 904 115.6 S.l 29,404 

5 and over. ... 17.3 52 271 107 86.8 2,356 298.4 16.3 55,146 


TABLE 129. RELATION OF PER CENT INVESTMENT IN MACHINERY 
AND EQUIPiMENT IS OF TOTAL CAPITAL INVESTED TO LAND 
USE AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 

Per cent investment in machinery 

and equipment is of total Per cent Equipment 

capital invested Economic Percent Per cent of of arable investment 


— Number land land arable land land in per cuerda 

Range Average of farms class arable harvested cane harvested 

$ 

Less than 1........ 0.2 56 4.3 94 70 52 

1-2.... 1.9 87 3.9 85 35 14 ' 7 

3-4 3.7 45 4.0 90 41 30 IS 

5 and over. .17.3 52 3.2 91 43 35 m 


* Less than $0.50. 

Size of business, as measured by total cuerdas in farm, net cuerdas har- 
vested, cuerdas in sugar cane harvested, tons of sugar cane harvested, tons 
of sugar produced, man equivalent and total capital invested, increased 
consistently as the per cent of the total farm capital which ivas made by 
machinery and equipment increased. 

■ '^L€md'''Vse amd Other Factors. In table 129, the relation of per cent in- 
vestment in machinery and equipment is of total capital invested to land 
use and other factors is presented. ■' - 
The relationships found were not very definite. For instance, only, 
tendencies for the farms with relatively larger investments in machinery 
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and equipment of having better lands, as measured by economic land class, 
were observed, hi^o relationship was observed in the case of the pei cent 
of the total farm acreage wdiich was arable. The per cent that the net 
area harvested, as well as the area in cane harvested, constituted of the 
total arable land showed tendencies to be lower for the farms mechanized 
to a higher extent. The investment in machinery and equipment per net 
cuerda harvested was found to be definitely larger for the farms with higher 
percentages of their capital invested accounted for by machinery and equip- 
ment. 

Irrigation. It was found that the farms where relatively larger invest- 
ments in machinery and equipment were made has also more of the in- 
vestments in irrigation equipment and, consequently, carried on irrigation 
practices to a larger extent (table 130). 

TABLE 130. RELATION OF PER CENT INVESTMENT IN MACHINERY 
AND EQUIPMENT IS OF TOTAL CAPITAL INVESTED TO IRRIGATION 
240 farms, Southwestern Puerto Rico, 1942-43 

Investment in irrigation equipment Cuerdas in sugar cane irrigated 

Per cent investment in 

nmcMnery and equipment Per Per Per Per Per 

Is of total capital invested Number cuerda cuerda of cent cent of cent 

^ of of cane cane irri- of total total ar- of cane 

Range Average farms Total harvested gated capital Total able land harvested 


X»ass ihm. 1 . 

0.2 

1 

56 0 

$ 

0 

1 

0 

0.0 

0.0 

0.0 

0.0 

1-2 

1.9 

87 

24 

1 

7 

0.1 

3.4 

2.6 

17.9 

3-4. 

3.7 

45 

140 

3 

14 

0.5 

10.1 

7.0 

23.5 

§ and .over , . 

17.3 

52 5,740 

66 

117 

10.4 

48.9 

19.8 

56. 3 


Rates of- Produdion and Labor Efficiency: Sugar cane yields, as measured 
by tons of sugar cane and of sugar produced per cuerda, indicated a clear 
tendency to be larger as the per cent that the investments in machinery and 
equipment constituted of the total capital invested increased (table 131). 
Besides other factors such as better lands and irrigation, higher mechaniza- 
tion may have also contributed in some respects to the higher yields ob- 
tained insofar as the farm jobs may have been performed better, especially 
those relative to the preparation of the soils. 

The per cent sucrose content of cane was found to decrease consistently 
with increases in farm mechanization. Very probably the fact that the 
farms less mechanized were located in higher lands and that they practiced 
very little or no irrigation, may have been causal factors to the higher 
sucrose content of the cane harvested... 

I^bor efficiency, as measured by tons of sugar cane per man and gross 
income per man showed marked tendencies of increasing with increases in 
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farm mechaiiization. However, farm mechanization was not found to be 
related to net cuerdas harvested per man, cuerdas in sugar cane harvested 
per man nor capital invested per man. 

Yarious Farm Expenses and Receipts, In table 132 , the relation of farm 
mechanization, as measured by per cent investment in machinery and 
equipment is of total capital invested, to various farm expenses and re- 
ceipts is presented. 

TABLE 131. RELATION OF PER CENT INVESTMENT IN MACHINERY 
AND EQUIPMENT IS OF TOTAL CAPITAL INVESTED TO RATES OF 
PRODUCTION AND LABOR EFFICIENCY 
240 farms, Southwestern Puerto Rico, 1942-43 

Per cent investment in Tons Net Cner- Capi- 

machinery and equipment Tons Tons of Per cent of cuer- das in tai in- 
is of total capital invested of cane sugar sucrose cane das har- cane har- vested Gross 


■ Number per per content per vested vested per income 

Range Average of farms cuerda cuerda of cane men per man per man man per man 


$ I. 

Less than 1 ... . 0.2 56 20 2.6 13.01 105 7.0 5.2 2,061 991 

1-2. 1.9 87 18 2.3 12.98 61 8.6 3.5 3,454 981 

3-4 3.7 45 .21 2.7 12.79 111 7.3 5.3 3,615 1,147 

5 and over 17.3 52 27 3.4 12.57 144 6.6 5.3 3,380 1,162 


TABLE 132. RELATION OF PER CENT INVESTMENT IN MACHINERY 
AND EQUIPMENT IS OF TOTAL CAPITAL INVESTED TO VARIOUS 
FARM EXPENSES AND RECEIPTS 


240 farms, Southwestern Puerto Rico, 1942-43 


Per cent investment in machinery 
and equipment is of total 
capital invested 

Number of 
farms 

Per cent 
hired 
labor 
ex- 
penses 
in cane 

Hired labor 
expenses in 
cane per 
cuerda 

Hired 
labor ex- 
penses in 
cane per 
ton 

Fertilizer 
costs per 
cuerda of 
cane 

Total 
cane re- 

Range 

Average 

cuerda 





$ 

1 

$' 

S 

Less than 1 

. 0.2 

56 

77 

44 

2.20 

7 

163 

1-2 , 

. 1.9 

87 

52 

44 

2.53 

6 

138 

3-4 

3.7 

45 

67 

50 

2.34 

8 

159 

5 and over 

17.3 

52 

73 

70 

2,56 

9 

190 


The farms with larger investments in machinery and equipment showed 
no relationship with the proportion of the total hired labor used in the sugar 
cane enterprise. The hired labor expenses in sugar cane per cuerda of 
cane harvested ivere found to increase with increases in the degree of farm 
mechanization. However, when hired labor expenses in sugar cane were 
expressed in terms of per ton of cane harvested insignificant variations were 
observed. The farms more highly mechanized also spent more in fertilizei 
per cuerda of cane harvested. In spite of the larger inputs per cuerda of 



154 JOt/BHAIi OF AGRICOLTUBE OP UNIVERSITY OP PUERTO RICO 

cane, tlie receipts from sugar cane per cuerda of cane harvested were found 
in general to be larger for the farms with larger relative investments in 
macMnery and equipment. 

Farm Earnmgs, Farm mechanization and earnings were found to be 
ver3^ closelj^ associated (table 133). 

The return on capital increased consistently with increases in the per 
cent the investments in machinery and equipment constituted of the total 
farm capital Ho^vever, the per cent return on capital tended to be smaller 
for the farms mechanized to a higher extent. These farms tend to have 
also higher capital turnover. In other wmrds, from the standpoint of 
capital investment, the farms less mechanized were apparently more 
efficient.' ' 

TABLE 133. RELATION OF PER CENT INVESTMENT IN MACHINERY 
AND EQUIPMENT IS OF TOTAL CAPITAL INVESTED TO 
FARxM EARNINGS 

240 fcarins, Southwestern Puerto Rico, 1942-43 


Per cent investment in 
machinery and equipment is 

of total capital invested Per cent ’ Net farm 


Range 

Average 

Number Return on return on 
of farms capital capital 

Capital 

turnover 

cash 

income 

Labor 

income 

Labor 

earnings 

Less than 1 — 

. 0.2 

m 

$ 

1130 

18.7 

2.08 

1 

1366 

1 

1002 

1 

1218 

1-2 

. 1.9 

87 

2257 

12.0 

3.52 

2429 

1574 

2066 

'3-4,... 

. 3.7 

45 

4147 

14.1 

3.15 

4613 

2956 

3506 

■■S and over 

. 17.3 

52 

5652 

10.2 

2.91 

6885 

2943 

3516 


On the contrary, the farms more mechanized had consistently larger net 
farm cash income, labor income, and labor earnings. 

Simma'iry of Relation of Farm Mechanization 
to Farm Earnings and Other Factors 

To summarize, the farms mechanized to a larger extent: 

1. Were found to be larger in size. 

2. Tended to be located in better land classes. 

3. Had larger investments in irrigation equipment and, consequently, 
practiced hrigation to larger extents. 

. 4. Were found to obtain better cane yields but had lower sucrose con- 

• A. tents. 

5. Tended to use labor moi'e efficiently. 

6. Applied more inputs per cuerda of cane and had larger receipts per 
‘ cuerda of cane harvested. 

, ■; found tO' be financially more successful 
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Relation of Other Miscellaneous Factors 
to Farm Earnings and Other Factors 

La?id Tenure 

The relation of type of land tenure to farm earnings and other factors is 
presented in table 134. Size of business was measured by total capital 
invested, intensity of land use by economic land class, rates of production 
by tons of sugar cane per cuerda, labor efficiency by gross income per man, 
sugar cane specialization by per cent income from sugar cane and farm 
earnings by labor income. The farms studied were then ranked according 
to these factors in each different type of land tenure. 

The farms operated by managers ranked first in size of business, in in- 
tensity of land use, in rates of production, in labor efficiency, in the extent 


TABLE 134. RELATION OF TYPE OF LAND TENURE TO FARM EARNINGS 

AND OTHER FACTORS 
240 farms, Southwestern Puerto Rico, 1942-43 


Type of land tenure 

Number 
of farms 

Size of 
business 

Inten- 
sity of 
land 
use 

Labor 
Rates of effi- 
production ciency 

Sugarcane Farm 
specializa- earn- 
tion ings 

Managed 

146 

1 

1 

Ranking 

1 

1 

1 

1 

Rented 

.... 41 

3 

4 

2 

2 

2 

2 

Owned and Rented 

16 

2 

3 

4 

3 

5 

3 

Owned and Managed 

12 

5 

2 

5 

4 

3 

4 

Owned 

25 

4 

5 

3 

5 

■ 4 

5 


of sugar cane specialization and in farm earnings. The rented farms were 
next in farm earnings, in rates of production, in labor efficiency and in sugar 
cane specialization. However, they ranked third in size of business and 
fourth in intensity of land use. 

The group of farms which were partly owned and partly rented made 
third in farm earnings. They also ranked third in intensity of land u^ and 
in labor efficiency. They were found, however, to be the second largest 
businesses but the fourth in rates of production. 

The farm b^^ partly owned and partly managed came next, 

ranking fourth as to farm earnings. These farms were second in intensity 
of land use, third in sugar cane specialization, and fourth in labor efficiency. 
They were also found to be the smallest sized businesses studied. 

The farms with the lowest farm earnings, on the average, were those 
completely operated, by owmers. They ranked third as to rates of produc- 
:tioii,.but were fourth' in size of business and in sugar cane specialization. 
Fur'thermo.re, these farms' were located in .the poorest lands and utilized 
labor less efficiently. tha.n any of. the other gimups of farms. 
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To conclude, the most successful farms in the area studied were those 
complete!}^ operated under management, followed those which were 
fully rented. The farms operated by o^\m€rs who were also renting part 
of the land ranked third followed by those farms which were operated by 
omers who also were managing part of the business. The most unsuccess- 
ful farms were found to be those completely operated by their owners. 
Besides the economic reasons pointed out above, wdiich obviously con- 
tributed to the lowest farm earnings, it is very probable that the higher 
sense of security which is naturally tied up to full ownership may also be 
partly responsible for the lowest intensity in the use of the land the lowest 
efficiency in the use of labor ivhich characterized these farms. In other 
words, psychological reasons may have indirectly influenced farm earnings. 

It is of great interest to observe that of the factors studied only labor 
efficiency ranked in the same order as farm earnings when related with type 
of land tenure. There is no doubt of the paramount importance of this 
factor relative to its influence on the financial success in farming. 

Distance to Nearest Paved Road 

Tlie farms surveyed were classified as to their distances from the nearest 
paved roads, and its relation to farm earnings and other factors was studied, 

No relationship was found to exist between distance to the nearest paved 
road and farm earnings. Furthermore, it showed no relation to economic 
land class, size of business, sugar cane specialization, inputs applied per 
ciierda, rates of production, nor to labor efficiency. 

The only observation worth mentioning is the fact that the farms located 
at the very side of, or crossed by, a paved road were found to be the largest 
in size, to fall in the best land classes, to be specialized in sugar cane to the 
largest extent, to apply the most inputs per acre, to obtain the highest 
rates of production, to utilize labor most efficiently and, consequently, to 
have the largest farm earnings. So the most efficient and successful farm 
businesses were located on paved roads. 

of Operator 

Tlie age of the operator is usually associated with farm earnings and 
other factors. Curiously enough, in the case of the farms studied in South- 
western Puerto Rico, no relationships were observed. The only observa- 
tion that could be made was that the smallest sized farms were found to 
be those operated by individuals ranging between 41 to 50 years of age. 
Tlie largest ones were operated by individuals 61 years old and over. They 
ueie also found to be the most successful farmers. This corroborates once 
more the fact that the largest farms had the highest returns and vice versa. 
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Co77iparaiive Analysis of Siigar Cam Farms 
with and without Irrigation 

It is attempted in table 135 to present a comparative aiiah^sis of the 
organization and financial returns of the sugar cane farms with and without 
irrigation which were studied in the Lajas Valley during the year 1942™43. 

Of the 186 sugar cane farms studied, in only 14 were irrigation practices 
carried on. These farms are larger in size as may be observed by the total 
cuerdas in the farm, which was 18 times greater, b.y the total capital in- 
vested, which was 21 times above, and by the man equivalent which sur- 
passed 14 times that reported by the other sugar cane farms. For instance, 
the sugar cane farms with irrigation had an average total farm area of 1302 
cuerdas as compared to 74 cuerdas for the others. Their capital invested 
amounted to $245,860 in comparison to $11,976 which was that of the farm 
with no irrigation. As to the number of men employed, the farms with 
irrigation reported an average total of 63.4 while the others reported only 
an average of 4.5 men. 

These large farms had not only a large acreage but also a somewhat 
higher percentage of arable land, out of which they cultivated 34 per cent 
as compared to 55 per cent which was cultivated by the sugar cane farms 
with no irrigation. The per cent of the total acreage which was fitted for 
irrigation is only 6 per cent larger for the farms which practiced irrigation. 
They reported 61 and 55 per cent each. These farms also were found to be 
specialized to a higher degree in sugar cane production, as shown by the 
fact that the average total of 333 cuerdas in sugar cane represented 88 per 
cent of the net area in crops. In the case of the farms with no irrigation 
an average of 25 cuerdas in sugar cane were reported per farm making 
only 72 per cent of the net crop acreage. Furthermore, the per cent in- 
come from sugar cane, as shown in the same table is 10 per cent higher for 
these farms. The farmers who irrigated, performed this practice in 
only 72 per cent of their sugar cane area. For one or the other reason, 
they w^ere unable to irrigate all the sugar cane planted. 

Although the average land value per cuerda was practically the same 
for both groups of farms, the total capital investment per cuerda was found 
to be larger for the farms with irrigation. This is accounted for by the 
higher degree of mechanization of these farms as shown by the fact that 
the total investment in machinery and equipment per net cuerda culti- 
vated averaged $89 for them, as compared to an average of $13 for the other 
group. The investment in irrigation equipment, which is a very expen- 
sive proposition, could only be afforded by them, and this item alone ac- 
counted for $92 per cuerda of cane irrigated. 
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TABLE !3S. COMPARATIVE ANALYSIS OP SUGAR CANE FARMS WITH 
AND WITHOUT IRRIGATION 
186 farms, Southwestern Puerto Rico, 1942-43 

Farms with Farms with 

Item irrigation no irrigation 


Average per farm 


Number of farms 14 

Total area in farms, cuerdas 1,302 

Per cent arable 90 

Per cent fitted for irrigation 61 

Per cent arable land, cultivated 34 

Cuerdas in sugar cane 333 

Per cent of net area in crops 8S 

Per cent irrigated 71 

Capital invested. $245,860 

Per cnerda in farm. $189 

Value of land per cuerda $137 

Investment in machinery and equipment per net 

cuerda cultivated $89 

Investment in irrigation equipment $21,683 

Per cuerda of cane irrigated $92 

Man equivalent 63,4 

Per cent hired 98 

Yield of cane per cuerda, tons 28.9 

Yield of sugar per cuerda, tons. 3.67 

Income from cane per cuerda of cane harvested. . . $158 

Total income from cane (including K.k.K, pay- 
ments) per cuerda of cane harvested $202 

Total farm gross receipts per net cuerda cul- 
tivated $203 

Per cent income from cane 85 

Farm cash expenses per net cuerda cultivated .... $117 

Hired daj'^-Iabor in sugar cane per cuerda of cane 


172 

74 

86 

55 

55 

25 

72 
0 

$11,976 

$162 

$132 

$13 

$0 

$0 

4.5 

73 

17.4 

2.24 

$95 

$137 

$131 

75 

$66 


harvested ' $74 

Total cost of hired labor per net cuerda cultivated $88 

Total cost of hired labor per hired man .... $550 

Parin income $30,149 

Per net cuerda cultivated. . $77 

Capital turnover ' 3 _ 1 

Eetum m capital $28,402 

Per cent return on capital ,11.6 

Eetum on labor ■ $50 616 

Return on labor per man. ■ . ■ . $799 

Labor income. $15 397 

Per net cuerda cultivated.- . . $39 


$41 

$40 

$418 

$2,081 

$60 

2.6 

$1,711 

14.3 

13,286 

$733 

$1,362 

$39 


As indicated aboi^e, the number of men hired during the year by the 

group of farms with irrigation was larger than that reported by the other 
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group of sugar cane farms. But what is still more interesting is the fact 
that the sugar cane farms with irrigation, on the average, hired 98 per cent' 
of the total number of men employed during the year, while the other group 
hired only an average of 73 per cent. This shows definitely tlie higher 
degree of commercialization of these farms. 

The yields of sugar cane, expressed both in tons of sugar cane and in 
sugar production per cuerda, was far higher for the group of farms which 
practiced irrigation. It is shown in table 135 that this group of farms pro- 
duced 28.9 tons of sugar cane or 3.67 tons of sugar per cuerda while the 
farms with no irrigation produced only 17.4 tons of sugar cane or 2.24 
tons of sugar to the acre. These higher yields can be mostly attributed to 
the irrigation practice followed, since, as stated above, the quality of the 
land, as measured by its value per cuerda, wes practically the same. It 
is true, however, that because of the fact that they are more mechanized 
they can perform better jobs; but it should be remembered that the mech- 
anization of these farms is mostly accounted for by the investment in irri- 
gation equipment. It may be argued also that, as shown in table 135, 
these farms put more labor per cuerda of cane harvested. However, we 
should not forget that the practice of irrigating sugar cane is an expensive 
high-labor-consuming practice which very probably accounts for most of 
the difference found. As to the quality of the labor itself, it is true that 
the table shows an apparent higher quality for these farms as indicated by 
the total cost of hired labor per man. Hovrever, the difference is not so 
gi’eat and furthermore it is convenient to point out here again that prac-. 
tically all of the labor employed by these farms w^as hired and of a more 
specialized nature. Hired labor is more expensive, on the average, than 
family labor, which is generally evaluated at a lower leveL 

Higher yields brought consequently higher receipts which ivere large 
enough to offset the larger expenditures in which the farms which practiced 
irrigation incurred. With a larger sized business and $17 moi‘e of farm 
meome per net cuerda cultivated, the farm income for the farms where irri- 
gation was practiced was consequently larger. This accounted for a larger 
total retum on capital, return on labor and labor income for this group of 
farms. This labor income averaged 115,397 per farm as compared to $1,362 
for the farms with no irrigation. However, it takes more yearn on these 
farms than on the others for the total receipts to equalize the capital in- 
vested as shown by a capital turnover of 3.1 and 2.6 respectively. The 
per cent return on capital was also lower for the farms irrigating, that is, 
11.6 as compared to 14.3 for the others. Furthermore, when the labor in- 
come is calculated (which puts the farms on a comparable basis regardless of 
capital) and express it in terms of net cuerdas cultivated, amazingiy enough, 
it was found that the labor income per net cuerda cultivated wms ©9 for 
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both groups of farms. From the point of view of capital investment irri- 
gation.is not such a good paying proposition on the part of the farmers who 
contributed the capital This suggests, furthermore, that such large , in- 
vestments which undoubtedly increase substantially the farm income, had 
to he financed by outsiders, in om* case, the Government. 

From the social point of vieAv, as indicated by the larger average return 
on labor which the farms with irrigation reported having, and a return on 
labor per man of $66 above the other group, the practice of irrigating land 
in the area brings an average yearly higher income per man employed in the 
farm business, and may consequently bring higher levels of living to them 
and their families. 

Su7nmm'y of Factors Affecting Farm Earnings 

One of the main objectives of the farm management study undertaken 
in the Southwestern part of the Island w^as to determine the reasons for 
variations in farm returns, that is, why some farmers paid more than the 
others. In this section the relation of size of business, intensity of land 
use, rates of production, labor efficiency, combination of enterprises, farm 
mechanization and of other miscellaneous factors, to farm earnings and 
other factors of farm operation and functioning were presented. Several 
measures for each one of the above-mentioned factors were selected and the 
most important relationships observed were summarized. In spite of this 
fact, a brief, final, general summary of the most important relevant findings 
may prove very valuable. The paragraphs below will serve this purpose. 

Size of business, intensity of land use, rates of production, labor effi- 
ciency, combination of enterprises and farm mechanization were found to 
be very influential to the success of the farms surveyed in Southwestern 
Puerto Rico, No one can tell which was the most important. As indi- 
cated before, those farms which w^ere able to combine these factors to the 
best advantages were undoubtedly the most profitable. 

The most successful farmers were found to be those who: 

1. Had the largest size business. 

2. Opemted the farms located in the best land classes and who used 
their lands more intensively. 

3. Obtained the highest tonnage of sugar cane per cuerda. 

4. Utilized farm labor with the highest degree of efficiency. 

5. Operated the farms most specialized in the sugar cane enterprise. 

il Had the farms which w^ere mechanized to the highest extent and 

owned practically all the irrigation equipment of the area. 

7. Operated farms located at the very side of, or crossed by, a paved 
road. 

9. Were the oldest in age; that is, 61 years or older. 
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From the .standpoint of capital investment, it was found' that the farms 
.which had the highest per cent return on capital were tho^se that : 

1. Ranged between $5,0'00 to $ 10,000 in total capital investment, had 
between 60 'to 100 total cuerdas in farm, harvested between. .50 to 
100 cuerdas in sugar cane, and employed from 5 to 10 ' men during 
the year. By no means were these the largest in size. 

2. Were located in the best economic land classes. 

3. Obtained yields of sugar cane ranging from 21 to 25 tons per 
ciierda. These yields averaged second to the highest. 

4. Utilized labor with the highest efficiency. 

5. Were specialized to the highest extent in the sugar cane enterprise. 

6. Were mechanized to the lowest extent. That is, those farms where 
the total investments in machinery and equipment constituted less 
than one per cent of the total farm capital. 

7. Were operated by individuals who owned part of their business and 
acted as managers of the remaining part. 

8. Were located at the very side of, or crossed b^^ a paved road. 

9. Were operated by individuals ranging from 41 to 50 years of age. 

As could be observed, the farms which were found to be the most success- 
ful from the standpoint of operator’s returns were not in general the same 
ones which led from the point of view of capital investments. The first 
m^ere found to be the largest sized farms while the latter were rather of a 
medium size. This is a particularly important point to be given full con- 
sideration in implementing a land tenure program for Southwestern Puerto 
Rico. 

FARM CREDIT^ 

The financial conditions of the farmers studied in Southwestern Puerto 
Rico w^ere very good, as showm by the fact that the average net worth was 
93 per cent of the total assets even when the receivables from Agricultural 
Adjustment Administration payments w^ere not included in the assets. 

Of the farmers studied, only 67 reported mortgages, the majority of which 
were held by the Federal Land Bank and Land Bank Commissioner, In- 
dividual, sugar centrals and commercial banks were the other agencies 
holding mortgages on these fa.rms. . The Federal Land Bank charged the 
lowest rate of interest and held the largest mortgages. 

^ Source. Luis A. Na.z.ario,.A credit Study of the Lajas Valley, Puerto Rico, 1942-43. 
Thesis presented to the Faculty of the Graduate School of Cornell University in 
partial Mfiiiment of the requirements for the degree of Master of Science in Agricul- 
ture— 1944, As courtesy of the, Puerto Bico Agricultural Experiment Station, Mr, 
Nazario was permitted to analyze and use for his master’s thesis the credit phase of 
thisstudy. 
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Most of the short-term credit received by the farmers studied was for 
the cultivation and harvesting of sugar cane and cotton. Other short-term 
credit constituted only 7 per cent of the total. 

The most important course of production credit for sugar cane was the 
sugar centrals. Mentioned in order of importance, the other sources of 
production credit found were: commercial banks, Production Credit Asso- 
ciation and individuals. Sugar centrals provided all the harvesting credit 
regardless of which agency made the production loan. No interest was 
charged on this credit. Harvesting credit may be looked upon as an ad- 
vance payment on the crop. The sugar centrals generally charged a 7 
per cent interest for the production credit, while governmental agencies 
charged only from 4 to 5 per cent. Sugar mills granted the smallest amount 
of credit per cuerda and per ton for sugar cane cultivation. The farmers 
who received credit from them had 22 per cent lower yields than those re- 
ceiving credit from other agenices. 

Credit for cotton was supplied mainly by the Emergency Crop Loan 
Office, the Production Credit Association and the Farm Security Adminis- 
tration. Commercial banks loaned mostly to large farmers who secured 
their loans by notes. No credit wrs reported to be granted for livestock 
raising or milk production even though they were important enterprises 
in some of the farms studied. 

Of the farmers growing sugar cane, 14 per cent obtained no credit for this 
crop, 17 per cent received credit for production only and 16 per cent just 
for harvesting purposes. The average total amount borrowed per cuerda 
was $56, of which $37 were for production and $19 for harvesting. On a 
per ton basis, the total was $2.78, of which $183 was for cultivation and 
$0.95 for harvesting. 

The great majority of the short-term loans were secured by the crops 
themselves and some loans were made with no security at all. One fifth 
of the loans made were guaranteed with other securities such as Agricultural 
Adjustment Administration payments, crops and animals, crops and equip- 
ment, notes, and even by real estate. 

By the end of the crop year, 86 per cent of all the short-term loans re- 
ceived by farmers were paid in full and only 2 per cent did not make a pay- 
ment on the principal, but even these paid the interest due. 

Even though no relationship was found to exist between rates of pro- 
duction or size of business and the amount lent per ton or per cuerda of sugar 
cane, a definite tendency for the larger farms with better yields to borrow 
more for sugar cane than the others was observed. Furthermore, there was 
no definite relationship between per cent income from livestock or sugar 
cane and the amount of credit received by farmers. 

To conclude, there is not much risk involved in lending to farmers in the 
Lajas Valley for sugar cane cultivation and harvesting. Farmers, in gen- 
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6ral, are in very good economic condition; and, furthermore, the sugar cen- 
trals, which are the most important source of this type of credit, have com- 
plete control of the crop. 

It is a fact that the majority of the farmers studied rated higher the con- 
venience of borrowing from the sugar centrals rather than from the govern- 
mental agencies at lower interest rates. The lack of knowledge on the 
part of a great number of farmers in regard to the proper way of obtaining 
credit from the government-sponsored agencies may partly explain this 
preference. Furthermore, farmers are very suspicious of the large amount 
of red tape which usually characterizes these agencies. It is very advis- 
able, therefore, that this situation be well understood by the Government 
and that a well organized educational campaign aimed towards the proper 
orientation of farmers on all credit aspects be initiated. 

CONCLUSIONS AND RECOMMENDATIONS 

The general objective of this study was to provide the Lajas Valley 
Committee with basis data relative to the farm management and land use 
aspects in Southwestern Puerto Rico. This information is expected to 
serve as a partial guidance to the above-mentioned governmental officials 
in delineating the general development program for the Lajas Valley Area. 
In spite of the fact that other important findings were observed throughout 
the study which are more related to the techniques of farm management 
and land use, this section is to be restricted only to the discussion of two 
main problems: irrigation and land tenure. It seems to the author that 
these are the major points of special interest to the Committee. 

The following are perhaps two general questions for which the Committee 
very probably will like to find an answer. First, would the establishment 
of an irrigation project result in benefits for the area and for the Island as 
a whole? Second and last, what land tenure pattern would it be best to 
implant in the area if the irrigation system is found to be feasible? Our 
study was not specifically intended to answer these questions in full. How- 
ever, it may enlighten the problems to some extent. 

This study revealed that in the farms of the area where irrigation was 
practiced average yields of 28.9 tons of sugar cane or 3.67 tons of sugar per 
cuerda were obtained. On the other hand those farms where no irrigation 
was carried on had average yields per cuerda of only 17.4 tons of sugar cane 
or 2.24 tons of sugar. These higher yields could be mostly attributed to 
the irrigation practice followed, since the quality of the land, as measured 
by its value per cuerda was practically the same. Considerable sugar cane 
lands suited for irrigation w^ere not irrigated at all. This suggests the fact 
that if all the lands fitted for irrigation were irrigated the total production 
of the area would increase to levels which would undoubtedly reflect in the 
general economy of the Island as a whole. 
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From the point of view of capital investment irrigation, however, was not 
such a good paying proposition for the farmers who made the investment. 
For instance, it takes more years, on these farms than on those where irri- 
gation was not practiced for the total receipts obtained in the crop year 
1942-43 to equalize the total capital invested, as shown by a capital turn- 
over of 3.1 and 2,6 respectively. The per cent return on capital was also 
lower for the farms irrigating; that is, 11.6 as compared to 14.3 for the 
others. This suggests that the farmers themselves could not economically 
afford to incur such large investments. Undoubtedly these investments 
would increase substantially the total farm income of both the area and the 
Island, but would need to be financed in some way by outsiders, in our case, 
the Government. It also indicates that government investments should 
be made from a long time point of view and, furthermore, that the arrange- 
ments with the farmers in the area which may use irrigation services should 
be carefully worked out having mostly in mind the idea that it be a blessing 
to them rather than an economic burden. 

If the Government decides on the establishment of an irrigation system, 
then, the next decision to be made is that relative to the land tenure pat- 
tern for the area which will be most in agreement with the policy of help- 
ing the largest possible number of families. The main aspect of the land 
tenure problem as seen by the author, is mostly a question of the size of 
farm unit which will best serve the economic and social objective of secur- 
ing the highest returns as well as the best distribution of both the present 
and potential income of the area. 

It is true that a large number of families could be helped by the establish- 
ment of small size farm units. However, it has been demonstrated in this 
and in many other studies that a farm unit needs sufficient size of business 
in order to be profitable. As a rule, the larger farms make the better profits 
because of their advantage over small ones of being able to use more elfi- 
ciently the factors of production and marketing. This last statement has 
been found to be true only within certain limits. For instance, in years of 
unfavorable weather or very low prices the largest farms suffer the largest 
losses. Furthermore, beyond a certain top limit of size, labor is less effi- 
ciently used. 

This study definitely demonstrated that the largest sized farms operated 
by ten or more men during the year were found to bring the highest labor 
income. These farms had an average total capital invested of around 
$156,000, a total farm acreage of a little over 850 cuerdas, out of which 
225 were in sugar cane, and produced a little over 5,800 tons of cane. The 
return on labor per man which is to some extent a measure of the possible 
standard of living of the persons employed on the farms, amounted to an 
average of $778 on these farms. These farms made plenty for the owners 
but helped a relatively fewer number of needy families. 
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The farms which made the highest returns on labor per man were those 
which employed between 5 to 10 men during the year; had an average total 
acreage of 167 cuerdas, harvested around 30 cuerdas of cane, produced 
around 600 tons of cane, and had an average total capital of almost $23,000. 
Their return on labor per man averaged $786, and their labor income was 
very close to $2,500. 

’ The return on labor per man of the above farms was slightly above that 
obtained in the very largest ones. Furthermore, these farms obtained the 
highest per cent return on capital. This fact may indicate to some extent 
that if one is interested in high returns per man and high returns on the 
capital invested there is not much point in operating units in the area which 
may exceed the size of these farms. It further suggests to those in charge 
of implementing the land tenure program of the Island the possibility of 
giving some consideration to the advisability of establishing proportional 
benefit units of this size. 

A farm unit employing 5 to 10 men will combine to a larger extent the 
advantages of both the large-scale and the moderately sized operations. 
Besides the advantages of making economies in the use of labor, equipment, 
capital and in large-scale buying and selling, they will also have the bene- 
fits derived from the availability of governmental technical experts and 
highly trained employees. In addition, because of the fact that these units 
will be looked upon by the laborers as something closer to the individual 
type of operation, they may develop more interest in the business ; and in 
emergencies they may put in longer hours of work. There is no doubt also 
that decisions are made more quickly in this type of farm operaton than in 
the large-scale ones. 

If the efficiency in the organization, management and operation of the 
suggested units is maintained, they will bring the highest returns per man, 
the highest return on the capital invested and at the same time will con- 
form to the social objective for which they were created. 

As indicated before, the ultimate objective of any development pro- 
gram for the Lajas Valley Area is the social enjo 3 mient of land by the people 
in general. The achievement of this ambitious goal involves the greatest 
possible coordination and cooperation among the different branches of the 
Government which may be responsible for the execution of the plan. In 
addition, an integrated planned social and economic reorganization can only 
be carried out successfully through the development and utilization of 
leadership, both professional and voluntaiy. Real leadersliip is necessary 
not only to perserve confidence in the possibility of crystallizing the develop- 
ment plan but also to get active participation from the people themselves 
and to make them conscious that the success of the program is an issue of 
vital importance in their lives. 
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STUDIES ON SILAGE IN PUEETO RICO. I. METHODS OF 

ENSILING AND RESULTING QUALITY OF MEEKER, ' 
CANE TOPS AND PARA GRASS SILAGES 

By L. Rivera Brenes,^ F. Marchan,- and E. del, Toro.^ 

INTRODUCTION 

Recurrent deficiencies in both quantity and quality of for- 
age crops and the use of large amounts of costly concentrate 
feeds are among the major factors responsible for high costs 
in milk production in Puerto Rico. A wasteful use of forage 
is the inevitable result of the present method of forage crop- 
ping. In the areas where soilage forage is used, it is nearly 
impossible to feed grass at the optimum stage of maturity and 
at the same time avoid both shortage during the dry season 
and over-abundance during favorable growing periods. In pas- 
ture areas the problem is even more acute, requiring a large 
acreage for pasture and also the use of large quantities of con- 
centrates during the dry-weather months in order to keep the 
cattle alive. 

Furthermore, under present methods of forage cropping 
land is not economically used. Sufficient land must be set aside 
to provide minimal quantities of forage of any quality during 
dry seasons. The economy of Puerto Rico will profit if these 
lands were freed to be put to a more intensive use. 

Proper methods of storage are necessary to provide sufficient 
forage of good quality during the whole year. The making of 
hay is difficult due to frequent rains during the growing seasons 
and because the grasses now used are too thick-stemmed to 
dry and handle as hay, unless they are chopped and dried arti- 
ficially. Because of the climate, the crops now grown, and 
the availability of inexpensive molasses, the preservation of 
grasses as silage offers a rational solution to the problem. 

At preseiit there are few silos in use in Puerto Rico, In- 
formation concerning the usefulness of presently grown crops, 
methods of making silage of these crops, and the economic value 
of silage in Puerto Rico is meager. 

It was the purpose of this study to secure information con- 
cerning the possibility of making silage of grasses grown in 
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Puerto Rico, the best methods to be used, the changes and los- 
ses that take place in the silo, and the quality of the resulting 
silages as mesaured by chemical analysis, palatability and ap- 
pearance. 

Literature Eevieiv 

The literature concerning the preparation of silage and the 
losses encountered in silage are reviewed by Woodward^" et 
al and LeClefc.® 

May^ erected the first silo in Puerto Rico at the Federal 
Experiment Station, Mayagtiez. He secured good results using 
corn as ensilage but poor results with cane tops, Guinea grass 
and Para grass (Malojillo). 

Experimental 

Six concrete silos 71/2 feet in diameter and 15 feet high, 
each having a capacity of 7 to 10 tons of fresh forage were 
used. A series of holes was made in the walls at random points 
at 4, 6 and 10 feet from the top. These holes were fitted with 
2-inch capped pipes and were used for drawing samples for 
chemical analysis. 



PIGURE 1. — Experimental Silos. Capacity 7 to 10 tons of green forage. 
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Grasses were cut by use of a large-size Gehl cutter and were 
blown into the silos in the usual manner. At the same time, 
molasses was added by means of a pump attached to the silage 
cutter and its rate of addition regulated by means of a valve. 
Water was added by diluting the molasses, care being taken to 
insure the addition of the correct amount of molasses. 

One man was used to distribute the cut grass and to trample 
it according to the specifications of each trial. The amount of 
fresh grass placed in each silo was estimated by averaging the 
weights of two ox carts of grass and multiplying the average 
by the number of carts used. 

Para grass {Panicum barbinode) y cane tops (Sachm^um offi- 
cinarum) and Merker grass {Penissetum purpureum var. Mer- 
herie)y were the forages used. Special emphasis was placed on 
the latter due to its increasing importance as a crop in Puerto 
Rico. Observations were made on the factors affecting the 
quality and quantity of the silage. Such factors were : length 
of chopped grass, moisture content of the grass, thoroughness 
of packing, and the maximum length of time which could elapse 
between partial fillings of the same silo. 

Chemical analyses of the fresh grass (plus molasses when 
it was added) and of the silage were made from random samples 
of the material. The bag method was used for analysis in one 
trial. Moisture was determined by placing samples in an oven 
set at 70"" C and equipped with a turbo blower. The pH was 
measured with a MacBeth pH meter. Other analyses were 
made according to the official methods of the Association of 
Official Agricultural Chemists.® Calculations of the percentage 
of total nutrient losses were made by using the approximate 
amount of nutrients in the ingoing dry matter (total) and the 
amount of nutrients in the dry matter that was recovered as 
edible silage. 

Factors considered in the evaluation of the quality of the 
silage were: pH, odor, color and palatability. The latter was 
tested by a series of feeding trials in which silage and soilage 
of the same quality were used. All silos were opened thirty 
days after filling. 

Nine silos were filled : six with Merker grass with ten per 
cent molasses, two with Para grass with five and ten per cent 
molasses, and one with cane tops to which no molasses was 
added. 
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The forag-e was chopped I /2 inch long. This length of cut 
1/2 inch or shorter is recommended to insure packing. In silo 
No. 1 a man was used to level and trample the material at in- 
tervals of three ox carts chopped; in the rest of the silos the 
man was kept leveling and trampling constantly. 

Water was added to all silages except to No. 9, at a rate of 
3 to 5 per cent of the approximate weight of the forage. The 
amount varied according to the operator’s judgment of dryness 
of the material. 

Results and Discussion 

In Table 1 the approximate total weight of material put into 
four of the experimental silos is shown. 


Table No. 1 

APPROXIMATE TOTAL WEIGHT OF MATERIAL PUT INTO FOUR OF THE 
EXPERIMENTAL SILOS 


Silage No.i 

Number 
of o.x 
carts of 
grass 
used 

Ave. 
wgt. of 
two ox 
carts 
lbs. 

<Appro- 
ximate) 
total 
weight 
of forage 

Molas.ses 
Per Cent 

Total 
wgt. of 
molasses 

Amount 
of water 
added 
lbs. 

Water 
added 
by wgt. 
of forage 
Per Cent 

Total 
wgt. of 
material 

1 

12 

i, 488 

17, 856 

10 

1, 785 

799 1 

4.50 

20,440 

4 

10 

1,850 

18, 500 

10 

1,850 

650 

3.50 

21,000 


10 

1, 187 

11,870 1 

10 

1, 187 

543 

4.50 

13, too 

9 

10 

1,089 

10, 890 

10 

1, 210 

000 

0.00 

12, 100 


1 Merker grass used. 


Due to the fact that the molasses pump was adjusted to 
spray at a rate of ten per cent when the chopper was fed con- 
tinuosly, it appears that the total amount of forage calculated 
is approximately accurate. The fact that there was no bottom 
spoilage in any of the silos indicates that the amount of water 
was not excessive. 

Chemical analyses of the ingoing grass and the resulting 
silage are presented in Table 2. 



Table No. 2 

PROXIMATE ANALYSES OF THE GRASSES PLUS MOLASSES AND THE SILAGES 


172 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 



1 No molasses used. 

2 Five per cent molasses. 

3 No water was added to this silage, 
* Nitrogen free extract. 
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Chemical composition of forage grasses has been shown to 
vary with the stage of maturity, soil conditions and climate.® 
Young plants are characterized hy their high protein content 
and high digestibility of their dry matter. The earlier the crop 
is harvested, the higher will be the protein and moisture content, 
but too early a harvest of any crop will reduce the tonnage.* 
In general, the same rules may apply as regards time of cutting 
for silage as for soilage. The feeding value of silage will de- 
pend upon the feeding value of the fresh material, and the 
conditions under which it is ensiled.^ 

As all grasses are comparatively low in protein content, the 
soundest procedure would be to harvest the crop at a point 
where the maximum tonnage can be obtained with the least re- 
duction in quality. In Puerto Rico, Merker grass is in good 
cutting condition just before bloom: 60 to 80 days old. Varia- 
tions will arise due to farming practices and changes in weather 
conditions. Para grass is somewhat different; before bloom it 
is too short for cutting. The best time to cut is right after 
blooming, except for very fertile soils where good growth will 
permit earlier cutting. The time will vary between 50 to 70 
days. For cane tops, the farmer has to wait until the sugar 
cane harvest. 

The proximate total losses for Merker silage are presented 
in Table 3. 



174 JOUEiSrAL OE AGEICULTUEE OP TJNIVEESITY OF PEBETO EICO 




STUDIES OH SILAGE IN PUERTO RICO 


175 


The importance of good packing was indicated by the re- 
sults of total losses in silage No. 1 as compared with the other 
three. The larger losses in silo No, 1 were probably due to the 
fact that leveling and tramping were done at intervals instead 
of having a man constantly in the silo, as in the other three; 
packing was not as good as in the others. 

Table 4 presents a summary of total nutrient losses com- 
pared to the losses reported by other workers in the field. . 


Table No. 4 

SUMMARY OF NUTRIENT LOSSES IN PERCENTAGE LOSS OS GAIN 



Dry i 

matter j 

Ash 

Crude 

protein 

Ether 

extract 

1 

Fiber 

1 Nitrogen 
free extract 

Silo No- 1 

—22 02 ' 

—16 34 

—21 56 

—15.8:3 
— 1G.57 i 

—20.36 i 

—23.17 i 

—26 47 

Silo No. 4 

—15.40 

— 6.82 

—11.85 

-13, SS 

Silo No. 5 

—17.50 

4- 7.66 

— 1.51 

— 10.84 i 

—28.79 

—17,29 

Silo No. 9 

—14.52 

—14.52 

—21.43 

— 2.92 

—16.27 ! 

-13.14 

Bag sample (9) 

— 3.30 

— S.94 

—20.40 

+ 13.65 

+8.98 1 

— 9.12 

Le Clerc (6) citing Henry 
and Wall and Woodman 
and Amosi 

— 5.S to 

4-3.1 to 

4 2.0 to 

+59.0 to 

+ 0.90 to ^ 

—16.20 to 


, — IS.l 

— 6.8 

12 2 

-122.0 

—11.80 ^ 

—24.90 

Ragsdal and Turner (9)... 

1 — 2.1 to 

—11.7 

-j- 5 !i to 

+ 49.4 to 

+ G.70 tO' ’ 

— 5.8 to 


—IS.l , 

—15.7 

— 3S.4 

— 20.3 

—14.6 ‘ 

—22.5 


1 Using bag samples. 


Kesults obtained on total losses and nutrient losses are within 
the range of the findings of other investigators There 

is a wide variation in the percentage of losses or gains. It is 
apparent that appreciable quantities of nutrients are lost and 
that the losses silage undergoes depend upon the size of the 
silo, amount of silage and on the methods and techniques used. 
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The results obtained on pH values in three of the experi- 
mental silos are presented in tables 5 and 6. 

Table No, 5 


pH values at different intervals and at different levels. 

MERKER GRASS, TEN PER CENT MOLASSES 





! Interval 






from 

Distance 

pH 



Silo Number 

ensiling 

from top 

values 



days 

feeti 






10 

1 3.7 

No. 9 



6 

6 

3.S 

Filled 

11_4_47 



4 

4.0 








0 


3.9 





4 1 

4.0 









13 

10 

4,1 





6 

4 2 





4 

4,4 









212 

10 

4.3 





6 

3.8 





4 

4.0 







Mean .... 




3.95 







1 Samples taken through the holes in the sides of the silo at those levels. 

2 No more samples were taken from there on due to mold contamination around sampling holes. 


Table No. 6 


PH VALUES AT DIFFERENT INTERVALS AND AT DIFFERENT LEVELS 
MERKER GRASS TEN PER CENT MOLASSES 


Silo Number 

Interval 

from 

ensiling 

days 

Distance 
from top 
feeti 

pH 

values 

No. 5 

36 

2.0 

4.1 

Filled 7-31-47 

37 

3.0 

4.1 


39 

5.0 

4.2 


43 

6.0 

4.0 


46 

7.0 

4,3 


50 

9.0 

4.0 


53 

10. 0 

3.S 


57 

13.5 

4.1 

Mean 



4.05 

No. 4 

71 

2 0 

4,3 

Filled, 6-25-47, 

73 

3.0 

4.3 


75 

5.0 

4.0 


79 

6.0 

4.1 


82 

7.0 

4.6 


86 

9.0 

3.8 


89 

10.0 

3.6 



13.5 

4.2 

Mean 



4.01 





1 Samples ohtataed as the silage was taken out for use. 


The pH values obtained indicate that Merker silage was 
preserved in excellent condition. These values are in agree- 
ment with the findings of other investigators which give the 
same range of pH values for good silage 
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Due to the natural characteristics of Merker grass, which 
has light leaves and hard bulky steins; Para grass, which has 
light and hollow stems; and cane tops, which are bulky and 
nearly always quite dry; chopping to inch or less, the ad- 
dition of some water, especially toward the top of the silo, and 
continuous tramping are essential factors to be considered when 
ensiling in order to get good packing and prevent excessive los- 
ses (especially top spoilage and spoilage toward the walls of 
the silo) . 

Wilting is not advisable for the reasons pointed out above; 
the material will become too light to attain good packing, even 
■with tramping. In addition, the hot tropical sun will destroy 
a large portion of the carotene and part of the protein during 
the wilting period. It is true that too much moisture will cause 
some spoilage in the bottom of the silo, but too little moisture 
is much more serious than too much. 

Merker grass plus ten per cent molasses produced a very 
palatable “green, fruity” ® silage with a pleasant molasses odor. 
Para grass with five or ten per cent molasses produced a “sweet, 
dark-brown” ® silage of a much lower quality than Merker sil- 
age, as regards color, odor and palatability. Of the two Para 
grass silages, the ten-per-cent molasses silage was more palat- 
able and had a more pleasing odor than the five-per-cent silage, 
as indicated by the fact that the cows consumed the former 
more readily. Para grass has the disadvantage that dirt is 
nearly always found in it due to its habit of growth: close to 
the ground and in swampy places. This, without doubt, affects 
quality adversely. 

Cane tops were ensiled satisfactorily without molasses. 
They produced a coarse silage, lower in quality than Merker. 
Cattle ate it and because cane tops are harvested during the dry 
season, the silage makes a good substitute for Merker or Para 
grass soilage and other pasture crops which are affected by 
drought. A large quantity of sugar cane is grown in the Island 
and cane tops are very easy to get during the harvest season 
that lasts from three to five months. 

Para grass and cane tops were ensiled satisfactorily, con- 
trary to the findings of May^ who used a very dry material 
adding no water. Very poor packing was probably attained. 

Molasses has been considered one of the best, if not the best, 
preservative for silage ®, In Puerto Rico, where sugar 
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cane is the main cash crop, molasses is cheap, a little less than 
two cents a pound, and easy to g“et. Many of the dairymen 
are also sugar cane growers and have a share of the molasses 
produced from their cane. They are, therefore, in a very fa- 
vorable position to face the scarcity of pasture and soiling crops 
during the dry season by erecting silos of adequate size for 
their herds and preserving grasses with molasses. 

Observations tend to indicate that, probably due to the 
warmer temperatures in Puerto Rico, the interval to resume 
filling the silo, after it is partly filled, should not exceed more 
than 24 hours because a very dense layer of molds will grow 
very rapidly on the uncovered portion. This moldy layer has 
to be removed before resuming the filling operation, consum- 
ing extra labor and increasing the loss of material. 

Summary and Conclusions 

Merker grass, Para grass and cane top silages were made 
satisfactorily using experimental silos 7.5' X 15'. The com- 
monly recommended techniques, except wilting, can be followed 
in Puerto Rico. Observations tend to indicate that the forage 
should be put into the silo within a few hours after cutting. 
Due to the natural characteristics of the native-grown grasses 
and of the excessively hot sun, wilting it not advisable : the ma- 
terial becomes too light to attain good packing and there is a 
probable reduction in the nutritive value. 

Unless very heavy weights are put on top of the ensiled ma- 
terial (this is troublesome and costly in tower silos), water 
must be added to insure good packing especially toward the top 
of the silo. Experience will help to determine the amount of 
water to be added. 

More detailed studies on total losses, nutrient losses and pH 
values were made with Merker silage. The results obtained 
were within the range reported by investigators in the United 
States. 

Further observations tend to indicate too, that intervals be- 
tween fillings should not exceed more than 24 hours to avoid 
excessive losses due to moldy silage. The tropical temperature 
seems to favor the rapid growth of molds. 

With respect to odor, color, palatability and pH values, very 
good silage was obtained from Merker grass. Good cane tops 
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and Para grass silages^ were obtained too, but not of the same 
quality as Merker silage. 

Molasses can be used as a preservative up to ten per cent. 
It increases palatability and nutritive value of the silage. 

Results obtained with Merker grass silage probably apply 
to the other forage grasses in the Island, taking into considera- 
tion the results obtained in the present work as compared to 
the results obtained by others with grass and legume silages. 
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THE HTILIZATIOH OP GRASSES, LEGUMES AMD OTHER 
, FORAGE CROPS FOB CATTLE FEEDING IN PUERTO RICO 

I. Comparison of Guinea Grass, Para Grass “Malojillo” and a 

mixture of Para Grass and Tropical Kndzn as pasture crops 

By Luis Rivera Brenes.'' 

INTRODUCTIOlSr 

The success of the cattle industry in Puerto Rico is limited 
to a large extent by the lack of adequate sources of feed. Based 
on over 400,000 head of cattle, it is the second most important 
agricultural industry on the Island. In addition there are over 
500,000 acres of cleared pasture land, which constitute about 
two fifths of the available arable land and whose efficient utiliza- 
tion is entirely dependent upon a well-managed cattle industry. 

In Puerto Rico, the dairy cattle industry is somewhat re- 
gionalized, Intensive commercial milk production is mainly 
restricted to milk-shed areas sorrounding the urban centers. 
Dairy management is based on the use of Para or ''malojillo'^ 
(Paniczim piirpiirascens) and Merker (Peniiinsetum piirpiireiim, 
var, Merkerii) grasses cut for soilage with the supplemental 
feeding of mixed concentrate feeds. 

Beef production is generally restricted to the grazing area 
of the southern coast and in reality is primarily a by-product 
of the production of workstock. Guinea grass is the prevail- 
ing pasture crop in this section. 

In the mountainous areas cattle grazing is dependent upon 
miscellaneous grasses of low yield and little nutritive value. 

Soil and climatic conditions on the Island are quite variable. 
In the north coastal region the rainfall is heavy and the soil 
is acid. In the south, the soil is alkaline and fertile, but its 
use is limited by a lack of adequate rainfall. The central por- 
tion of. Puerto Rico has acid soils of low productivity and the 
climate is quite humid. The climate of the whole Island is char- 
acterized by ; periods of low rainfall in the winter and early 
spring and of abundant precipitation during the summer and 
fall. The dry 'period is. much -longer and more severe in the 
southern coastaT region than in- the other parts of the Island. 

\rjjma! Hu&bas'draan. 

I'uaii Pastor Rodrtp'ut’x, Assoc iats^ Agronouust:, was la full charge of tlie agronomic work 
3 Study., 
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The diet of the people of Puerto Rico is low in protein from 
animal sources. During 1944-45 ^ the per capita consump- 
tion of meat and fish, including imported products, was only 
63 pounds. Twenty per cent of the 141 pounds of milk used 
per person was imported. For the same period, the per capita 
consumption of the United States was, on an average, 70 pounds 
of beef ‘ and 440 of milk.° 

Improved pasture and soilage crops should lower feed costs 
and increase the production of much-needed animal products, 
thus improving the diet of the Puerto Rican people to a con- 
siderable extent. 

Literatuee Review 

Information as to the best method of utilizing local grasses, 
legumes and other forage crops in the feeding of cattle in Puerto 
Rico is scant. 

Axtmayer et al,-- ■'*’ ■* made studies on the nutritive value 
of some grasses and legumes grown at the Agricultural Experi- 
ment Station farm, which indicate that the grasses commonly 
used as forage crops are relatively low in protein content. Un- 
published results obtained at the above-mentioned Station ® 
have shown that when heifers were pastured on Guinea and 
Para grasses they made better gains than when pastured on 
paspalum (Paspalum hartwegianum) . Other results from the 
same project indicated that Merker and Elephant (Pennisetum 
purpureum) grass were not suitable for pasturing. 

No experimental data have been published for Puerto Rico 
about the carrying capacity of any particular pasture previous 
to this work. 

In the United States different methods of pasture evaluation 
were used until 1940, when a standard method was adopted by 
the Pasture Ressarch Committee.® 

Experimental 

The forage grasses used in this grazing trial were: Para 
grass, or malojillo (Panicum pitrpurascens) , Guinea grass (Pa- 
nicum maximum) and a mixture of Para grass and tropical 
Kudzu (Pueraria phaseoloides) . 

Para and Guinea grasses are common on the Island. Tro- 
pical Kudzu, a legume native to Malaya, was introduced to the 
Island by the Soil Conservation Service in 1940. Telford “ 
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reported that Kudzu is best suited to the parts of the Island 
having at least 50 inches of rainfall per year. 

At the start of the trial the condition of all the grasses and 
Kudzu was satisfactory. ■ The plots of Para, Guinea and Para- 
Kudzu mixture had been planted three, two and one years prior 
to the start of the trial. 

The grasses and the mixture were planted in three blocks 
of three one-acre plots; each plot planted to a different forage. 
Every plot was subdivided into three lots, each one-third of an 
acre in area. The fencing arrangement of the plots allowed 
the animals in each lot access to shade, water and mineral mix- 
ture, (ad lib.). The position of each crop within a block was 
selected at random. The soil of the experimental field was a 
well-drained Fajardo clay. In order to decrease the acidity of 
the soil, lime was added to each lot to bring its pH to 6.5, 
two years before this study was initiated. No other fertilizer 
was used at any time. 

Nine pure native heifers were used. They were uniform in 
age, six to seven months old, but varied in weight. 

The heifers were weighed for three consecutive days at the 
beginning of the trial and for three consecutive days every time 
they were moved from one lot to the next. 

One heifer was put in the No. 1 lot of each respective grass 
plot and was moved from one lot to the next in their own plot 
when any one of the lots in the entire experiment was grazed 
out. They were taken out of the experiment when they were 
of breeding age, 18 to 19 months old. 

All lots that had some good roughage left at the time of 
moving the animals to the next lots were clipped with a ''ma- 
chete*' and the residue weighed. Before clipping, samples were 
taken for analysis. Sub-samples of grass from the middle and 
the four corners of the lot were taken and a composite sample 
made from them. Moisture in the samples was determined by 
drying to constant weight at 70°C. In the analyses of all of the 
samples the methods used were those given by the Association 
of Official Agricultural 'Chemists.^ 

: ' Computation of total digestible nutrients produced by the 
different grasses and the carrying capacity was made according 
to the recommendations of the Pasture Research Committee of 
the.. American Dairy. Science Association.^- 

Analysis of variance and covariance were done according 
to the methods given by Love.^-^ ■ . . 
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Results and Discussion 

Due to seasonal effects, the experiment was divided in three 
periods which were marked by the following: First period, 
with the three grasses under trial; second period, without the 
Para grass; and the third period, where an extra heifer was 
put in the Para grass-Kudzu mixture. 

Results of the three grazing periods are presented in Table 1. 

Table No. 1 , , 


WEIGHT GAINS IN PER GROUP, MEAN GAIN PER ANIMAL AND LEAST 
SIGNIFICANT DIFFERENCES 


Grasses 

No. of 
heifers • 

Initial 

weights 

0 / groups ■ 

Weight 
, of group 
■ at the 
end of 
periods 

Gains 
of groups 
in pounds 

Mean 

gain 

in weight 
in pounds 
per 

animal 

First Period 12-11-45 to 3-28-46 




PK* 

3 

3 

3 

843.17 

796.34 

694.66 

■ 1, 064.17 

860.34 
- 730.00 

221.00 

64.00 

35,34 

73.7 
21.3 

11.8 

28.14 

46.68 

P 

G 

Least Significant Difference 
Between Means: 

At the 1 per cent level 










Seconi 

d Periol 4-2 

3-46 to 6-2.S- 

46 



PK 

3 

3 

1,080.84 

774.00 

1,541.16 : 
1, 140.83 

480.32 

366.83 

160. 10 

1 122.30 

143. 12 

G 

Least Significant Difference 
Between Means: 






Third 

Period 8-27 

-46 to 10-23- 

1 ' 

46 


PK 

6 

3 

2, 778.16 
1,140.83 

3,156.34 

1, 292.33 

378.18 

151.80 

63.05 

60.60 

104,65 

G 

Least Significant Difference 
Between Means: 

At the S per dflut Tevol 







*PK— Par4 grass-Kudzu mi.tture. 
P — Par4 grass alone. 

G — Guinea grass alone. 


During the first period, the heifers on the mixture plots 
made significantly better gains than those on the other grasses, 
as shown in Table 7. A covariance analysis indicated that 
due to the higher initial weight of the animals in the mixture 
plots they gained 0.276 pounds more per pound of excess weight 
than the others. However, the gains were high enough to be 
significant even after making allowance for this. For the sec- 
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end and tliird periods the gain differences were not high enough 
to be. statistically significant. 

At the end of the first period Para grass was eliminated 
from the trial because it was severely affected by the drought. 
Indeed, even before starting the test, it was believed that the 
place was too high and dry for the Para grass, which is best 
grown in low wet soils. 

Brought did not seriously affect growth in the mixture 
plots. A very good mat was formed which could withstand 
close gracing and trampling and hold more of the moisture in 
the soil. The probable addition of nitrogen by the legume may 
have resulted in a better pasture. 

Table 2 presents the chemical analyses of the different gras- 
ses, the mixture, and the plants from the mixture separately 
for the whole trial. 

No samples were taken from plots that had very little rough- 
age left or were completely grazed out. Samples of the gras- 
ses and the mixture were taken as explained before, all through 
the three periods, but the samples of Kudzu and Para grass 
separated from Kudzu were taken in the third period. In all 
probability this is the explanation of the difference in moisture 
content and some other of the constituents in the analyses. 


Table No. 2 

AVERAGE ANALYSES OP THE DIFFERENT GRASSEwS DURING THE WHOLE 
TRIAL IN PER CENT, DRY BASIS 


Grasses 

No. of 
samples 

Moisture. 
Per Cent 

Ash 

Per Cent 

Orvde 
Protein 
Per Cent 

Fat 

Per Cent 

Fiber 
Per Cent 

NitrogEii 
Free 
E.vtract 
Per Cent 

' 

Par^ grass 

9 

77.93 

8.51) 

4.91 

1.18 

33. S3 

5 51 . 53 

Guinea grass 

15 

77.10 

12.56 

5.76 i 

1.45 

32.30 

i 4 <.10 

Far4 grass and Kudzii 

9 

75. 55 

S.05 

10.94 

1 . 76 : 

33.09 

! 46.10 

Kudzii alo'iie* - 

12 

77.50 

8.14 

17.34 1 

2.02 

34.21 

38.27 

Para alone* j 

(12) 

77.93 

9. S3 

9.00 

1.6S i 

1 

30.50 

49.00 


* Para grass or Kudzu separated from the mi.xture. 


■ Kudzu is quite high in protein content and the Para grass 
growing with it is higher in protein' than when growing alone,. 
The analysi,s of the mixture presents a more or less intermediate 
situation showing quite an improvement. 

■ ' Guinea grass gave a much better analysis than Para grass 
alone especially as regard minerals and protein. 

The most' interesting fact to be observed is the increase in 
■protein content of the Para grass in the mixture, as, compared 
to, the Para grass, growing alone. 
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The weights of the clippings and the dry matter in pounds 
for the whole trial are presented in Table 3. The weights of 
the samples taken for analysis were included. 


Table No. 3 

WEIGHT OF CLIPPINGS AND DRY MATTER YIELDS OF GR.iSSE3; EXPERI- 
MENTAL PLOTS 


Grasses 

Clippings, 

lbs. 

Moisture Content 

Per Cent 

Dry 

Matter, 

lbs. 


First Period 


PK 

25, 382.82 
7, 426.57 
9,391.94 

1 f 9 samples) 75.55 , 

j ( 9 samples) 77.93 

(15 samples) 74.10 

5,961.60 

1,639.04 

2,432.51 

P 

G 


SecDnd Period 

PK 

13,572.73 

540.52 

(same as above) 

(same as above) 

3, 318. 53 
139.99 

G 


Third Period 

PK 

2, 512.00 
248.00 

(same as above) 

(same as above ) | 

614.18 

64.23 

G 



Larger amounts of forage were clipped from the mixture 
plots in all the three periods, even with two heifers in the third 
period. 

The data in Table 3 together with the data in Table 1 were 
used for the calculation of total digestible nutrients and carry- 
ing capacity of the three grasses which are presented in Table 4. 

The calculations were made according to the recommenda- 
tions of the Pasture Research Committee of the A.D.S.A. and 
adapted to our problem. As growing heifers were used in this 
experiment, some error may have been introduced regarding 
the nutrient requirements per pound of gain in weight, but it 
is not felt that this source of error invalidates our conclusions 
regarding the evaluation of the grasses with respect to their 
nutritive value and carrying capacity. 

The constants used have been as follows: 

Standard cow-day = 16 pounds of total digestible nutrients 

^ , Standard cow-days per acre 

Carrying capacity = Days in grazing iiiioir~ 

Dry matter 72 per cent digestible 

3.53 pounds of total digestible nutrients for every pound of 
gain in weight 

The three periods are put together to facilitate comparison. 



Table No. 4 

CALCULATION OF TOTAL DIGESTIBLE NUTRIENTS AND CARRYING CAPACITY FOR THE THREE PERIODS OF THE 
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The results in Table 4 show the superiority of the mixture 
over Para and guinea grasses in total digestible nutrients and 
carrying capacity. It more than doubles the yields of the other 
two separately. Guinea grass was similar to Para in total di- 
gestible nutrients and carrying capacity, but was superior from 
the standpoint of drought resistance. 

Taking all the results as a unit the carrying capacity for 
each grass under the conditions of the experiment were the 


following; 

Mixture of Para grass and Kudzu. 1. 02 

Para grass alone 0,41 

Guinea grass alone.. 0.42 


Analyses of the yields of total digestible nutrients per acre 
are presented in Table 5. 

Table No. 5 


MEAN TOTAL DIGESTIBLE NUTRIENTS YIELDS PER ACRE AND LEAST 
SIGNIFICANT DIFFERExNCES FOR THE GRASSES DURING THE THREE 

PERIODS 

Grasse.s 

1 

TND 

mean 

yield 

in pounds 
per acre 

First Period 

PK 

1,957.67' 

700.00 

S42.3S 

p., 

Q 


Least Significant Differences Between Means: 

. At the five per cent level 

196.49 
325. 87 

At the one pQr cent level 


Second Period 

PK 

1,704.89 
■784.03 ,■ 

G 


Least Significant Differences Between Means: 

At the five per cent level 

466. 18 

L 075. 27 

At the one per cent level 


Third Period 

PK 

1,117.65' 

409.47 

G.. 


Least Significant Differences Between Means: 

At the five per cent level, 

296.05 

682.84 




The differences between the mean yield of total digestible 
nutrients per acre among the grasses were statistically signifi- 
cant at the one and five per cent levels for the first and third 
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periods and at the five per cent level for the second period, 
in favor of the Para grass-Kudzu mixture, as shown in Table 6. 
These results agree with those obtained for carrying capacity. 

Summary and Conclusions 

Para grass or ‘'malojillo'’ (Panicum purpm^aseens) , Guinea 
grass iPaniciim ynaximum) and a mixture of Para grass and 
tropical Kudzu {Pueraria javanica) were tested as pasture crops 
by rotational grazing of % acre plots with native heifers which 
were 6-7 months of age at the start of the trial. 

At the time the heifers were changed from one lot to another, 
the uneaten portions of the forages were clipped, weighed, and 
samples secured for chemical analysis. Observations were also 
made on the ability of the crops to withstand drought, tramp- 
ling, etc. 

Para and Guinea grasses were similar as measured by gains 
of the animals, yield and carrying capacity. The Para grass 
suffered severely during one phase of the trial due to a drought 
which affected it unduly because the grass was planted on high, 
well-drained, soil in contrast to its natural habitat. Guinea 
grass was not affected by the drought. This resistance plus its 
other desirable qualities indicates that Guinea grass is suitable 
as a pasture crop in Puerto Rico. 

The combination of Para grass and Kudzu was found to give 
the best results in total digestible nutrients, gain in weight of 
the animals and carrying capacity. There was some evidence to 
indicate that the mixture benefited the nitrogen balance of the 
soil and assisted in the retention of precipitation. The Kudzu 
contained approximately 17 per cent crude protein and Para 
grass of the mixture had a higher protein content than that 
grown alone. 

The results of this study indicate that Kudzu is a highly 
desirable crop to use in conjunction with Para grass for pasture 
purposes. 
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SODIUM FLUOEIDE AS AN ASCAEICIDE POE SWINE 
EAISED ON THE OEOUND 

By 

By Radamee Orlandi 1 and Fernando E. Armstrong.^ 

Parasitism in livestock is one of the major problems en- 
countered by the animal husbandman in Puerto Rico. Swine 
are seriously affected with ascarides in this island. This is due 
to several factors some of which are; tropical temperature, 
relatively high average rainfall (above 70 inches) and, in 
general, poor management. In Puerto Rico pigs are raised on 
the ground with no provisions made to avoid or prevent parasitic 
infestations; and ascarides constitute a constant menace. 

Several drugs have been used at one time or another as 
anthelmintics for swine. Oil of chenopodium has been used ex- 
tensively since 1918 when Hall and Foster - first employed it 
as an ascaricide. According to Mote ® its use has been hampered 
by the difficulty of administration and unreliability in certain 
cases. Hardwood, Jerstad, and Swanson^ in 1938, reported on 
the efficacy of phenothiazine as an anthelmintic for swine. Their 
results varied from 0 to 100 per cent against ascarides. Pheno- 
thiazine has been stated to be an unreliable ascaricide, espe- 
cially when fed to pigs harboring few ascarides, as reported by 
Mohler.= Swanson, et al,^ reported that the drug is much less 
effective against immature than mature ascarides. 

In 1945, Enzie, Habermann, and Foster,' described the use of 
different levels of sodium fluoride for killing ascarides in pigs. 
They found that when one per cent sodium fluoride, mixed with 
the feed, was given to twenty-six hogs, a lOOi per cent ascaricidal 
efficiency was obtained. More recently Turk and Hale,“ experi- 
menting with large number of pigs, have reported on the ascari- 
eidal properties of sodium fluoride. Their conclusions are based 
on the number of worms removed and subsequent appearance 
of the animals submitted to different treatments. 

The present experiment was designed to test the value of 
sodium fluoride as an ascaricide for growing pigs kept on in- 
fested grounds and to investigate the possible efficacy of the 


* AsaiffitaM Bacteriologist. 

* Associate VeterinariaB. 



SODIUM FLUORIDE AS AX ASGARIOIDE 


191 


drug* to keep animals free from ascarides during their growing 
periods as well as to observe possible toxicity after repeated 
treatments. 

Materials and Methods 

Two trials were conducted to study the ascaricidal effect of 
sodium fluoride. The first trial also included the use of pheno- 
thiazine. 

Trial L — Thirty pigs, ranging in weight from 16 to 34 pounds 
(averaging 26 lbs.) , and about two months of age, were divided 
into three groups of ten pigs each. The breeding of all groups 
was similar, litter mates being distributed among the groups 
in most cases. All of the pigs were kept in a i^-acre-infected 
lot at all times except when groups ''B'" and were separated 
periodically for a few hours for treatment. Individual weights 
were taken at the beginning and end of the trial. All pigs were 
self -fed throughout the trial. 

Group ''A’’ served as control. Group was weighed every 
three weeks and given one meal containing 0.2 gm. of pheno- 
thiazine per pound of body weight. Group received a treat- 
ment of one meal containing sodium fluoride at the rate of 1 
pound NaF per 100 pounds concentrate feed, every three weeks. 

Trial 11 . — ^Was conducted during one year, following Trial 1. 
The conditions were similar except that litter mates were used 
throughout, sodium fluoride was given at 4-week intervals, and 
the chances of infection were increased by furnishing a mud 
wallow. 

Egg counts were made per gram of fresh feces secured 
directly from the rectum of each pig and by using the modified 
Stoll technique recommended by Hawkins.*^ Except for a short 
period at the start of the first trial, differential egg counts were 
made for ascarid and non-ascarid eggs. 

At the end of each trial the hogs were slaughtered and 
visceral examinations made. In Trial I, some pigs from each of 
the three groups were spared and reincorporated into the breed- 
ing herd. One animal of group '‘A” died soon after the experi- 
ment was started. 

All data were statistically analyzed by methods outlined by 
Snedecor.^ 
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Experimental Results 

The results for Trial I are given in tables 1, 2, 3 and 4. 

Although differential counts were not made at the start of 
the triah pigrs of all groups were shedding ascarid eggs. Total 
egg counts prior to October 3, 1946 for groups ''A'', “B’’ and “C 
showed no statistically significant differences. At no time did 
the numbers of non-ascarid eggs differ statistically among the 
groups in Trial I. On October 3, 1946 the ascarid egg count for 
group "'C’ was statistically significantly lower than for groups 
“A*' and “B'b Further statistical treatment for the number of 
ascarid eggs for Group C was not made as the numbers were so 
low* At no time did groups ‘'A'’ and differ statistically in 
number of ascarid eggs. 

The results of the visceral examination are shown for Trial 
I in table 4, By the use of a chi square test it was found that 
groups '‘B'" and contained statistically significantly fewer 
pigs harboring ascarides than group A ; and that groups B and 
C did not differ significantly. As previously mentioned, some 
hogs from each group were kept for breeding purposes and not 
slaughtered. As shown in table 2, two of the three hogs of 
group B, not slaughtered, were casting sufficiently large numbers 
of ascarid eggs to imply the presence of ascarides in their intes- 
tines. The two pigs of group "'C which were not killed were 
apparently free of ascarides. Thus, the probable numbers of 
infected hogs for groups ‘"B’’ and ''C” were four and 0, re- 
spectively. This apparent difference in the number of pigs drop- 
ping eggs is extremely important where the object of the treat- 
ment is not only to clear the pigs but to prevent continual rein- 
fection of the ground. 

Data collected on growth rates for groups “A’', ‘'B’^ and 
showed that the mean growth rates for the various groups did 
not differ significantly. 

Trial II . — The second trial gave results similar to those 
found in the first trial (tables 5 and 6). 
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I Found with small amount of fibrosis in gastric lobe of liver. 
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Prior to the first treatment with sodium fluoride, there were 
no statistically significant difference in either ascarid or non- 
ascarid egg counts between groups “D” and “E”. The data for 
total ascarid eggs from the time treatments were started to 
the end of the experiment, exhibited a highly significant differ- 
ence between the sodium-fluoride-treated and the control pigs 
(tables 5 and 6). On the other hand, the data for total non- 
ascarid eggs of the sodium-fiuoride-treated and control groups 
collected during the same period (treatment period) showed no 
statistically significant difference between the two groups. 

Upon slaughter, the small intestines of the sodium-fluoride- 
treated animals (group “E”) were found free of ascarid worms, 
while seven of the ten control pigs (group “D”) were infested 
with a total of 24 ascarides (table 4). All viscerae (groups 
“E” and “D”) were found normal except one pig in group “D” 
(pig No. 365) which had a small amount of fibrosis in the gastric 
lobe of the liver. This pig, as will be noticed from table 5, shed 
the highest number of ascarid eggs throughout the experimental 
period. 

Data were also collected for the growth rate of the two groups 
studied in this second trial. The growth rates were similar to 
those obtained in Trial I. The difference in the rate of gain 
between groups “D” and “E” was statistically non-significant. 

Discussion 

The results obtained demonstrate that the pigs given sodium 
fluoride were apparently free of ascarides for the duration of 
the trials as ascertained by differential egg counts. Upon 
slaughter, they were found to be free of ascarides. The ascarid 
eg'gs found in the feces of some treated animals were nonem- 
bryonated eggs and were probably eggs that were engulfed in 
the noninfective stage. 

Phenothiazine did not exhibit satisfactory ascaricidal proper- 
ties as shown by the egg counts of table 2 and the recovery 
of adult worms from the small intestines as shown in table 4. 
Phenothiazine, in the concentration used, did not prevent infec- 
tion as shown by pig No. 980 (table 2) which, although free 
of ascarid eggs on October 3 and October 9, indicated an in- 
creasing amount of eggs shed up to the end of the trial and 
which was found to have ten adult worms when slaughtered. 
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In addition, a study of the data of table 2 indicates that the 
phenothiazine did not consistenly lower the number of asearid 
eggs. 

The data secured in this study indicate that sodium fluoride 
is a more satisfactory ascaricide than phenothiazine, at the 
dosage used. The sodium fluoride proved effective after one 
treatment. This was shown by the data collected for the num- 
ber of asearid eggs shed before and after the first treatmeni 
(see asearid egg counts on October 8 and October 15, 1947 in 
table 6). No injurious or toxic effects treatment (see asearid 
egg counts on October 8 and October 15, 1947 in table 6). No 
injurious or toxic effects w^ere noted when the use of the one- 
per-cent mixture wnth the feed was given every 3 or 4 weeks 
for periods of 3 to 4 months. Weight gains were not affected 
by the drug treatments-:"^' "the control and the sodium-fluoride- 
treated pigs made similar weight gains. Sustained use of the 
drug kept the pigs free of adult worms. This is of invaluable 
advantage where lots are heavily infested and poor management 
practices prevail. First, there will be fewer adult parasites liv- 
ing at the expense of the feed provided for the growing pigs 
and secondly, there will be a progressive decrease of chances of 
infection as a result of having progressively fewer fertile eggs 
deposited upon the ground. 

In relation to the parasitic organisms present, sodium fluoride 
seemed to be a specific for ascarides. No differential counts 
were made for non-ascarid eggs but the following types were the 
most commonly found: Strongyloides, Oesophagosto}mim, Hyo~ 
strongijhis, Glohoeephalus and Trichtiris. As the number of 
■ these eggs did not decrease as the result of treatment, the sodium 
fluoride presumably had little or no effect on those organisms: 

' ■ It', may also be stated that in addition to being a reliable 
ascaricide, sodium fluoride- is very economical to use and easy to - 
administer. The mixture of feed and sodium fluoride was found 
to be palatable. 

Summary and Conclusions 

Two trials Avere conducted to test the value of sodium fluoride- 
•as an ascaricide for growing pigs- kept on infested grounds. 
The ability of the drug to kep animals free from ascarides and 
the possible toxicity upon repeated treatment were also studied. 

Three groups of animals similar 'as to breeding, weight and 
age w^ere used in Trial L Group served as control. Group 
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received 0.2 gm. of phenothiazine per pound or bodily weight 
and group one per cent sodium fluoride mixed with ground 
feed. Except for slight variations in the procedure and the eli- 
mination of the phenothiazine treatment, Trial II was conducted 
in the same manner. 

The effectiveness of the different treatments given during 
the experimental period was measured by statistical analyses of 
the number of ascarid and non-ascarid eggs per gram of fresh 
rectal feces secured once every week, by the weight gains made 
by each animal, and by the number of Ascaris worms found 
upon visceral examination. 

The results obtained suggest that sodium fluoride at the 
rate of one per cent mixed in the feed every three weeks is a 
very satisfactory drug for killing Ascaris lumbricoides stds 
found in growing pigs raised on the ground. When fed re- 
peatedly to growing pigs for periods of from 3 to 4 months it 
was effective in keeping the animals clean, with no toxic effects 
whatsoever. 

Phenothiazine at the rate of 0.2 gm. per pound of bodily 
weight admiiiisterecl every three weeks ’was found to be unre- 
liable as an ascaricide. 

The data obtained during the two trials made suggest that 
sodium fluoride is specific against Ascaris lumbricoides suis. 
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THE USE OF CANE MOLASSES AS PART OP THE 
CONCENTRATE DAIRY RATION USING MEEKER 
GRASS AS ROUGHAGE 

By 

L. Riveea Brenes/ J. I. Cabrera, ^ and F. J, Marchan.^ 

INTRODUCTION 

''Only that dairyman can succeed who feeds Ms cows both 
economically and efficiently”.® 

Intensive milk production in Puerto Rico is generally de- 
pendent upon concentrate feedstuffs. Most of these feedstuffs 
are imported from the United States at prices which represent 
more than 50 per cent of the cost of milk production. The total 
value of dairy feeds imported to the Island during 1945-1946 ® 
was almost four million dollars. 

During 1945-1946, Puerto Rico produced around S8.5 million 
gallons of molasses. Of this, a large amount was used by the 
rum industry or exported, and very little was used as livestock 
feed. 

In the United States, molasses is added to high-grade mixed 
feeds on account of its palatability, and also because it is one 
of the cheapest of readily digestible carbohydrates.^^ In the 
past, feeds containing molasses were imported to the Island 
and dairymen were paying an excessive price for the molasses 
put into the feed. Due to the fact that in tropical climates 
molasses undergoes fermentation under prolonged storage, the 
importation of molasses-containing feeds was discontinued. 

As Puerto Rico is a sugar-cane growing country, molasses 
should be an economical substitute for part of the grain in 
feeding dairy cows and other livestock on the Island. 

Literature Review 

Ellison and Varas Catala,^ in Puerto Rico, supplemented the 
grain ration of one group of cows with cane molasses and of 
another group with corn chops,* and used cane as the only 

^ Com chops— corn and cob chopped. 

^ Associate Animal Husbandman. 

^ Assistant Animal Husbandman. 

^ Assistant Chemist. 
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roughage. The chopped-corn lot consumed more feed and pro- 
duced more milk, but the greater economy in cost of milk pro- 
duction resulted when the molasses was added to the ration. 
Labh Singh and Sahi Gambhir found that for feeding bullocks 
in India molasses could replace' corn pound for pound. 

McComas et al.^^ said that on the basis of average data for 
four experiments using Herford steers in terms of live-weight 
produced, the corn-molasses mixture in the ratio of 1 to 1 was 
approximately 80 per cent as eificient as corn, whereas the mix- 
ture in the ratio of 3 to 1 was approximately 90 per cent as effi- 
cient. Britnal ® feeding dairy cattle in Mississippi, stated that, 
practically one pound of molasses was equal to one pound of 
corn. Morrison cites two Wisconsin experiments where 10 
per cent of cane molasses was incorporated into a mixture of 
palatable concentrates ; the milk production was practically the 
same as on the concentrate mixture without molasses. In these 
trials, the molasses was worth 89 per cent as much per pound 
as ground corn. 

Bary et al.^ found, for fattening steers, that molasses had a 
calculated value of 85 per cent that of corn. In individual tests, 
the value ranged from around 85 per cent up to better than 100 
per cent of the value of corn. Their experiments indicated that 
.molasses was used most efficiently when fed at around 3 to 4 
pounds per head daily. 

Experimental studies and practical experience with dairy 
cattle at the Missouri Station ^ showed that molasses may satis- 
factorily replace to Vs of the ground corn. Usually not more 
than two to three pounds of molasses should be fed daily per 
1000 pounds of live weight. 

Skinner and King,^* feeding cattle in Indiana, came to the 
conclusion that the advantage of feeding molasses arose from 
its low cost rather than from the feeding value. The nutritive 
value of molasses was slightly lower than an equal weight of 
corn as measured by the rate of gain and finish of the cattle. 

Snell et al. at Louisiana, found that molasses was equi- 
valent to corn grain as a feed for working mules. Their early 
experiments indicated that molasses is only slightly less valuable 
than corn pound for pound as a feed for dairy cattle. 

It was found in Hawaii, in experiments conducted by Henke 
covering a period of seven years, that when properly supple- 
mented with protein-rich feeds, cane molasses could be satis- 
factorily substituted for one quarter of the concentrate usually 
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fed dairy cows. The use of molasses did not affect the repro- 
ductive efficiency or increase abortions. Henke emphasizes the 
importance of using more molasses in the dairy rations due 
principally to differences in price. Willet et al./® in another 
series of trials in Hawaii, stated that pigs, from time of wean- 
ing until they reach a weight of 60 to 70 pounds, can utilize cane 
molasses effectively up to levels of 20 per cent of the ration. 
There was no appreciable difference in the amount of total 
digestible nutrients required per pound of gain. The data in- 
dicate that molasses is equal to barley when fed at these levels 
and when compared on total-digestible-nutrient basis. The feed 
cost per pound of gain decreased with the increase in the amount 
of molasses fed. When molasses was fed at levels of 30 to 40 
per cent of the rations, the rate of gain and efficiency in the 
utilization of feed or the total digestible nutrients decreased 
markedly. The accompanying diarrhea was another factor that 
affected the utilization of the high molasses rations. 

Ott et al.^° used molasses in poultry rations and stated that 
the use of molasses up to six per cent in the rations substituting 
corn depends upon the prices of both corn and molasses. Brigs 
et al.2 working with lambs said that the results of a limited 
amount of work on the tolerance of lambs for blackstrap molas- 
ses indicated that lambs can utilize the product at a level of 
10 per cent of the ration more efficiently that at a level of 25 
per cent. They * noted that in two digestion trials in which 
eight Iambs were used, substitution of blackstrap molasses for at 
least one half of the corn in a lamb-fattening ration lowered the 
coefficient of apparent digestibility for protein, fat and nitrogen- 
free extract in appreciable amounts. On the other hand, Wil- 
liams said that the data of his experiments indicated that 
the digestibility of the crude fiber, the nitrogen-free extract, and 
the ether extract was not uniformly affected in either direction 
by the presence of molasses in the ration. He agrees with Brigs 
and Heller® in the fact that molasses tends to depress the 
digestibility of crude protein and dry matter; however, he adds 
that this depression is so slight that it would scarcely be ap- 
preciable in ordinary feeding practices. 

Eraus at Ohio, found that cane molasses as a supplement 
to milk for rats produced excellent growth, prevented nutritio- 
nal anemia, and was of value for haemoglobin regeneration in 
anemia. Beet molasses did not prevent anemia and had no bene- 
ficial effects on rats suffering from nutritional anemia. Chemical 
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analyses showed that cane molasses contained larger quantities 
of iron and copper than did beet molasses. 

Molasses seems, therefore, to have a well-defined position as 
a feed for livestock. Its value has been compared with corn in 
many different experiments. In conclusion, it can be said that 
its value ranges from 80 to 100 per cent of the value of corn 
or other carbohydrate feed and the variation depends on the 
proportion which is used in the mixture. For dairy cows care 
should be taken to maintain the protein content of the mixture at 
an adequate level to prevent harmful effects on milk production. 

Experimental 

Eighteen cows divided in three groups of six each were used 
in the experiment. The groups were balanced according to the 
stage of lactation period and milk production. All the cows 
were giving over eight pounds of milk daily and none was over 
ten months in lactation. Except for four purebred Holstein 
cows, all cows were Holstein-Native crossbreds with varying 
amounts of Holstein blood. 

The experiment consisted of a single reversal trial using the 
groups as follows : After a five day pre-feeding period, the first 
group was fed regular Merker grass and regular 20 per cent 
protein concentrate ration at a level of 1 pound of concentrate 
for every 2.0 pounds of milk. A narrow ratio of feed to milk 
was used to compensate for the lower quality of the roughage. 
The second group was fed the same kind of grass but the con- 
centrate ration consisted of four parts of regular 20 per cent 
protein concentrate feed and one part of cane molasses. The 
third group was fed young Merker grass plus the molasses- 
concentrate ration. The first part of the experiment lasted for 
18 days, pre-feeding excluded. 

For the second part of the experiment, the first two groups 
were switched on the concentrate rations. The third was fed 
the regular mature Merker grass pus the molasses-concentrate 
ration. The second part of the experiment lasted for 17 days, 
pre-feeding excluded. 

The cows were weighed for three consecutive days at the 
beginning of the experiment, at the end of the first part and at 
the end of the second part of the experiment. Roughage con- 
sumption and milk records were kept daily for each individual 
cow. Forage samples for moisture content were gathered twice 
a week. These samples were dried in an oven at 70'' C. 
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The molasses was mixed with the feed by spreading: the feed 
on a concrete floor and sprinking the molasses over it as evenly 
as possible. Two men with shovels mixed the concentrate feed 
and molasses thoroughly. The mixing was done this way due 
to the fact that the majority of the dairies in the Island do not 
have mixers to mix the ingredients- Enough feed was mixed 
every time for two or three days. 

The milk production of the animals in the different groups 
depended on a number of factors, among which the ration fed, 
the stage of lactation, and individual differences between the 
animals may be mentioned. In order to determine the effects of 
the differences in the rations fed on the milk production of the 
different groups, a regression equation was adapted to the milk 
production figures. The equation constants represent the dif- 
ferences in milk production due to differences between the ra- 
tions fed and to the effect of the stage of lactation. 

Fitting of the regression equation and calculation of the 
standard error of the constants were made according to the 
methods described by Snedecor.^® Difference in roughage con- 
sumption as well as weight differences were also studied. 
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Results 


Milk production for the experimental periods is presented 
in table 1. Pre-feeding periods were excluded. 


Table No. 1 

MILK PRODUCTION IN POUNDS FOR ALL ANIMALS DURING THE EXPERI- 
MENTAL PERIODS* 


Name of Cow 

Ration. 
No. 1 

Ration 
No. 2 

Ration 
No. 3 

Vera. 

Second 

Period 

149.2 
93.6 

368.2 
321.1 

First 

Period 

176.9 
151.2 

395.9 
325.8 


Nana. 


Lupe 


Garmelita 




Laura 

First 

Period 

184.7 

502.0 

287.0 
322.2 
376.6 

Second 

Period 

192.8 
493.0 
158.3 

285.9 

366.9 


Soroca 


Walker 


Nellie 


Rivera 




Toledo 


Second 

Period 

164. 0 
82.2 
264.4 

283.8 

286.9 
214.3 

First 

Period 

192.7 

121.8 
3Q5.0 
362.3 
343.1 
372.0 

Mulata 


Dunure Jr 


Luisa 


Marla 


Coamo 





* Three cows were not able to finish in the experiment due to siclcness; they were not included! 
in the comparisons. 

Ration No. 1 — cows on regular Merker grass and concentrate alone. 

Ration No. 2 — cows on regular Merker grass and molasses-concentrate. 

Ration No. 3— oows on young Merker grass and molasses-concentrate. 


The constants of the fitted equation and their respective 
standard errors are as follows: 



Constants 

S. E. 

Meaning of Constants 


A 

7.65 

15.38 

Difference in production due to rations 

2-1 

B 

-36.26 

24.31 

Difference in production due to rations 

1-3 

C 

32.27 

15.38 

Difference in production due to periods 

1-2 


The above constants are subject to twelve degrees of freedom 
and none of them is, therefore, significant. Thus, the evidence 
available does not indicate any superiority of the 100 per cent 
concentrate feed as against 80 per cent concentrate feed and 20 
per cent molasses or vice versa. 

Molasses did not have any significant depressive effect on 
milk production when used as a substitute of the coneentrate 
ration to the extent of 20 per cent. On the other hand the 
molasses has definite advantages that will be discussed later on. 
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Although this was a short time experiment, the results were 
similar to those obtained by Henke in Hawaii, in a seven-year 
periody and by other .workers. 

The average amount of roughage consumed during the ex- 
perimental periods by each group of cows is presented in 
table 2. 

Except in the case of the second group in the first experi- 
mental period, the average dry matter consumed per 100 pounds 
of live weight during the course of the experiment showed very 
little difference, indicating a more or less equal intake of nu- 
trients from the roughage. When the data were treated sta- 
tistically, they showed no significant differences among the 
groups - 

Variations in bodily weight during the experiment are shown 
in table 3. 


Table No. 3 

WEIGHT LOSSES DURING THE COURSE OF THE EXPERIMENT 


1 

Group No. 

No. of 
cows 

Average 

loss 

in weight 
by groups, 
in pounds 

Average 

loss 

per cows 
in pounds 

1 

4 

9S.OO 
105 00 


2 

5 

0 J 

91 nn 

3 ' 

6 

52^00 



o. ou 


As shown by the average weight lost per cow in the 44 days 
of experiment (pre-feeding periods included) they practically 
maintained their initial weights throughout. No statistically 
significant difference was found among the groups. 
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Discussion 

Molasses has been always the cheapest source of carbohy- 
drate food in Puerto Rico. An illustration of this is presented 
in table 4, where prices for an eleven-year period are compared. 

Table No. 4 


RETAIL PRICES FOR MOLASSES AND 20 PER CENT PROTEIN DAIRY FEED 1938 

TO ms 


Year 

i 

Molasses 
Drums of' 
54 gallons, 
650 lbs. 

Price of 
inolas,ses, 
per 100 ' , ! 
pounds 

Price of 
201 protein^ 
dairy 
feed, 
per 100 
pounds 

i 

1938 ^ 

$1.62 

1.62 

$0,25 

81.95 

1939 ' 

0,25 

2.10 

1940 ; 

2.70 

0.42 

2.24 


2.70 

5.13 

0,42 

2.4i 

1942 

0,79 

3.61 

1943 

2.50 

0,3S 

3.48 

1944 

6.4S 

1.00 

3.79 

1945 

7.34 

1.13 

3.64 

1946 

7.34 

1.13 

4.2S 

1917 

8.37 

1,29 

4.81 

1948 

12.04 

1.85 

6.45 



1 Personal, communicatioa of the Administrator, Central San Jose, Rio Piedras, July 194S- 

2 Personal commanicatioii of the Manager. Sociedad AsrfcolaCoojjerauva. San Juan, Puerto Rieo, 
July 1948. 


A real saving will be attained due to the difference in prices, 
plus other advantages such as those of adding palatability and 
flavor to the ration. A simple way of calculating the saving 
))y the use of molasses as 20 per cent of the concentrate ration 
is as follows. 


Actual cost of 100 pounds of 20 per cent total protein dairy feed $5. 50 

Actual cost of 100 pounds of molasses $1. 85 

Cost of 80 pounds of 20 per cent dairy feed $4. 40 

Cost of 20 pounds of molasses $0. 37 

Cost of one hundred pounds of the mixture $4. 77 


In the above example there will be a saving of 73 cents or 
13 per cent of the cost of the feed, due to the use of molasses. 
The net income will be a little less due to the labor used in the 
preparation of the mixture. Using 1945-46 figures, which show 
that the Island imported around four million dollars of concen- 
trate feeds, the savings will amount to one-half million dollars. 

At this point of the discussion two questions arise. Does the 
addition of that amount of molasses appreciably affect the per- 
centage of total protein in the mixture?, and, do the cows get 
adequate amounts of protein from that mixture for normal milk 
production? Using molasses at a rate of 20 per cent of the 
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concentrate feed the percentage of protein in a 20 per cent 
protein concentrate mixture is lowered, theoretically, to 16 per 
cent. The results of the experinaent indicated that the milk pro- 
duction was normal. 

Extensive work conducted at the New York (Cornell) Sta- 
tion ® has shown that very little difference in milk production 
is to be expected when feeding concentrates containing 16 per 
cent and 20 per cent protein at the conventional ratio of one 
pound of feed to three and one half pounds of milk, using Ti- 
mothy-clover mixed hay and corn silage. Further studies at 
Ithaca ^ indicated that a very small increase in milk production 
could be expected from a 20 per cent total protein concentrate 
as compared to the 16 per cent total protein concentrate, but 
this increase in production is not large enough to warrant the 
purchase of a 20 per cent total protein over a 16 per cent if the 
cost of the 20 per cent is greater. 

Experiments conducted at this Station (J. I. Cabrera, un- 
published results) showed no significant difference in production 
when a 16 per cent total protein mixture was compared to a 
20 per cent, using ratios of one pound of feed to two pounds 
of milk or a ratio of one to three respectively. In a second ex- 
periment, 20 and 24 per cent total protein mixtures were better 
than the 16 per cent. Henke stated that using protein-rich 
feeds, molasses can be substituted for 25 per cent of the mixture. 

These results show that dairymen in Puerto Rico and farmers 
in general should be using molasses on a larger scale as feed 
for livestock. Its nutritive value has been known for years, 
(see literature review). The Island produces a large amount 
of it most of which is sold abroad, due to a lack of acceptable 
prices in the local market. If the usage of molasses becomes 
general throughout the Island, both cane-growers and dairy- 
men will benefit. 

Summary and Conclusions 

Two groups of cows were fed regular Merker grass soilage, 
20 per cent protein concentrate, and a mixture of four parts of 
a 20 per cent protein concentrate plus one part molasses In a 
switch-back feeding trial. A third group was fed young Merker 
grass for the first part of the experiment, and regular Merker 
grass for the second part, plus the molasses-concentrate ration 
with . each grassv 
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Statistical analysis of the data indicates that molasses did 
not have any depressive effect on milk production. The amount 
of dry matter in roughage consumed per 100 pounds of live 
weight was essentially the same for all groups; the difference 
was statistically non-significant. Although body weight was not 
maintained throughout the experiment, the difference in weight 
lost among groups was not statistically significant. 

Due to the difference in price between molasses and the mixed 
dairy feeds, the use of molasses can effect considerable saving to 
the farmer who uses it as part of the concentrate ration. It 
can be substituted for 20 per cent of the concentrate ration and 
probably more. 

As Puerto Rico is a sugar cane producing area, molasses 
should be used locally to a greater extent as a livestock feed. 
It is readily available and is the cheapest source of carbohydrates 
on the Island. 
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A QUINTESSENCE OP SENSITIVITY: THE COFFEE 
LEAP-MINER 

By George N. Wolcott 

High humidity, with many rainy days, characterizes the cli- 
mate of the lower mountainous slopes of tropical America where 
Arabian coffee, Coffea arabica L., grows. Even on sunny days, 
clouds often drift by overhead, their passing shadows inducing 
the sudden darting flight of numerous little satiny white moths, 
the adults of the coffee leaf-miner, Leucoptera coffeella Gue- 
rin-Meneville. When the sun reappears, flight ceases as sud- 
denly as it began, and the coffee grove that was alive with the 
flashes of their wings a minute ago now appears deserted of 
active insect life. 

Despite their small size, they are quite conspicuous in flight, 
but when at rest they closely fold their silvery wings around 
their body. The sudden, positive manner in which these min- 
ute insects react to a variation in light intensity is character- 
istic of their reactions to other natural factors of their environ- 
ment. 

Humidity is decisive in determining in what parts of the 
grove heavy leaf-miner infestations will develop, altho to tem- 
peratures within the limits at which coffee thrives, the insects 
appear relatively insensitive. The female moths tend to ovi- 
posit mostly on wind-swept ridges where the evaporating power 
of the wind is greatest, and least at the bottom of ravines where 
the wind can not penetrate, and relative humidity remains high 
at all times. Climbing the slope, one finds ail gradations in 
the amount of infestation, with the maximum always where the 
action of the wind is most marked. Porous-cup atmometers 
show this in the coffee grove, as does artificial rearing of the 
insect in separate compartments of a greenhouse of which the 
humidity can be controlled. There is the very best of reasons 
why the female moths should prefer the more exposed plants 
for oviposition, as during prolonged periods of rain the mines 
of the caterpillars in the coffee leaves become filled with water, 
in which the caterpillars drown. During such weather, it is 

■^Head, Department of Entomology of the Agricultural Experiment Station, UniverBity 
tf Puerto Eico., , • 
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in the exposed situations that the wind dries out the leaves most 
rapidly and it is here that the insect will have the best chance 
for sorvivaL Indeed, it is on the sing-le factor of humidity that 
most of the observed differences in abundance of leaf-miner 
depend. 

The scarcity of the leaf-miner in Haiti, as compared with 
its abundance in Puerto Rico, is due to local methods of no 
cultivation, and allowing coffee trees to grow wherever voliin- 
leer plants had happened to sprout, making such a dense tangle 
of trees that humidity is always high, while soaring mountains 
often cut off all exposure to winds. New plantings in Haiti, 
with small trees widely spaced and open to the wind, invariably 
suffer heavy infestation just as they do in Puerto Rico, The 
scarcity approaching total absence of coffee leaf -miner in old 
Haitian groves is definitely not due to some new and more ef- 
ficient larval parasite, for all collected in Haiti had previously 
been known from Puerto Rico, and CJirysocharis Uvid/us Ash- 
mead, reported by O. W. Barrett as long ago as 1905 and often 
the most abundant of any in Puerto Rico, does not occur in 
Haiti at all. Even proper wide spacing of the trees fails to 
provide a suitable environment for the leaf-miner in Trinidad, 
which is out of the trade wind and hurricane belt, and its cof- 
fee groves have maximum humidity in the ravines in the North- 
ern Range of mountains. 

Sensitive as the ovipositing female moth is to differences 
in humidity, apparently she does not distinguish between Ara- 
bian coffee with tender leaves suitable for the development of 
her young, and such a tough-leaved species as Coffea steno- 
phylla Don. The minute caterpillar developing within a leaf- 
miner egg laid on such a tough leaf hatches normally, and with- 
out emerging from the . protective covering of its egg-sheli, eats 
thru it directly into the leaf tissue beneath. It attacks the ^ 
tough leaf tissue with apparent success at first, but often by the 
second .day all activity has ceased, and the little caterpillar is 
dead. Had the egg been laid on a leaf of Arabian coffee, the 
'* miiiiite caterpillar would normally continue eating a cavity, into 
the central tissue of the leaf until this is large enough, so that 
It could ^ crawl entirely out of the' egg-shell. Like most kinds 
'of. insect, larvae living in a protected situation, its flatten.ed: body 
is opaleseent whitish, the head somewhat darker, with the sharp 
edges'.'of ^ almost black.. It continues to eat and 'iii- 

: crease in size within its mine in the coffee leaf, feeding only 
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OB tiie most tender cells and avoiding' those of both the upper 
and lower outside skins of the leaf. 

. Leaf-miner larvae attacking some other kinds of leaves are 
sometimes precipitated into the outer world diiriiig, rainy 
weather, .when the thin outer skin of the leaf* they have at- 
tacked is rotted by rain. Those of even the, most tender cof- 
fee leaf are of tougher texture and resist decomposition at 
■least long enough for the caterpillar to complete its growth^ 
but iiiifortiinately are sufficiently permeable to . rain-water -so 
that it collects in the mine, distending it almost to bursting. 

Drovriiiiig in its rain-water filled mine is not the orily, peril 
besetting the coffee leaf -miner caterpillar in its mine. Numer- 
ous kinds of minute parasitic wasps occur in coffee groves, 
which, with their minute sharp ovipositor, may puncture the 
skill of .the mine and lay their egg on or within the body of 
the caterpillar. In Puerto Rico, Mr. Francisco Sein has reared 
ten kinds of these minute wasps which are either parasites or 
super-parasites on the coffee leaf-miner. Arraiigeci approxi- 
mately ill the order of their abundance, their names, as deter- 
mined by Mr. A. B. Gahaii of the U. S. National Museum, are 
as follows: 

Closteroceriis leticopiis Ashmead 
Ckrysocharis livid us Ashmead 
Hormnemis cupreus Ashmead 
Zagrammosoma sp. . nov. 

Closteroceriis sp. .near cinctipennis Ashmead 
Cirrispiloideus sp. nov. - 
Derastenus sp. near f'ldlmvayi Crawford 
. Tetvasticluis sp. nov. 

Telenomiis sp. 

Microbracon sp. (det. C. F. W. Muesebeck) 

' , In coffee groves near the coast and at no great elevation, 
some of these- minute leaf-miner parasites are at times reason- 
ably abundant, but at the higher . elevations -where most coffee 
■is produced, they are far from, numerous and' usually are so 
scarce that all of them together ■ rarely destroy more than an 
..eighth .or a tenth of all leaf -miner caterpillars. From, .the com- 
mercial standpoint, therefore, they .are of .negligible import- 
ance, and even the entomologist finds them so scarce that care- 
' ful studies of each one, - to determine its status , and non-para- 
sitic habits/ are almost .impossible. This list .of . parasites is 
longer from Puerto Rico than from the other Larger Antilles 
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only because studies here have been more intensive, but the 
same or similar parasites occur in the coffee groves of all of 
these larger islands. 

Quite different is the parasitic situation in the coffee-pro- 
duciiig islands of the Lesser Antilles, for Mr. Sein discovered 
a previously undescribed parasite, later named Mirax inmdaTis 
by G. F, W. Muesebeck, to be normally responsible for the des- 
truction of sixty to eighty-five percent of all leaf -miner cater- 
pillars in the island of Guadeloupe, F. W. I., and only slightly 
less effective in other adjacent islands. Introduced into Puerto 
Rico in 1937, it is unquestionably established in the mountains 
around Lares, but even when present in greatest abundance, 
attacks less than three percent of the leaf-miner caterpillars, 
and at most times only a small fraction of one percent will be 
found parasitized by Mirax. The desirability is obvious of the 
most careful comparative ecological study of the requirements 
of each and every parasite of the coffee leaf-miner in every 
island of the West Indies. The establishment in coffee groves 
of the optimum conditions for the development of some or most 
of these parasites may be impossible of practical attainment, 
but the factor lacking for one or several may be readily sup- 
plied, if we know what that factor is, and thus result in com- 
mercial leaf-miner control. 

When fully-grown, the leaf-miner caterpillar is less than a 
quarter of an inch in length, smaller indeed than many other 
kinds of caterpillars just hatched from the egg. It acts like 
some of them also, in a most interesting way, for emerging 
from its mine v/hen the wind is not blowing, it spins a long 
thread of silk with incredible swiftness as soon as a breeze 
begins to blow. If the breeze stiffens, the thread soon becomes 
so long as to be buoyant to the insignificant weight of the ca- 
terpillar, so that as soon as the thread breaks loose from at- 
tachment, the caterpillar may be carried far from the leaf 
from which it obtained its nourishment. This phenomenon can 
be most readily observed during a period of fitful breezes : the 
dropping of the caterpillars on their threads as soon as the 
breeze starts, and sudden halt when the breeze stops, followed 
by a prompt lengthening of the threads again as the breeze 
starts. If the breeze stops entirely, the caterpillar is left in- 
definitely suspended in mid-air, a ready prey to any passing 
reinita or warbler. 
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Spinning of the cocoons may take place on any leafy not nec- 
essarily of coffee^ but of any plant that happens to be present 
in the grove. In the selection of a position for the cocoon^ the 
caterpillar is sensitive to varying intensities of light, for in 
complete shade the cocoon may be formed on the upperside of 
a leaf. Normally, however, it is on the underside, the cater- 
:pillar first constructing a silken hammock under a slightly 
raised portion of the leaf, this support of white silk often taking 
the form of an X. Upon this silken mattress the caterpillar 
spins the cocoon proper, within which it transforms to pupa. 
It remains as pupa three to nine days. The moth leaves the 
cocoon at night, mates, and often has completed oviposition by 
the next day. 

Within the short span of its life-history, the leaf -miner both 
as adult and as caterpillar has shown itself very sensitive to 
variations in light intensity; as adult to humidity, and as ca- 
terpillar to air in motion. When as much is known about the 
reactions of each of the parasites of the leaf -miner to natural 
conditions in coffee groves as is known of their host, we may 
anticipate much more eflScient natural control of this pest of 
coffee by its parasites. 

January 8, 1943. 

Footnote: 

This summary of observations on the coffee leaf -miner made 
with and by Mr. Francisco Sein Jr., is published at the present 
time because of his departure from the Experiment Station, 
effective June 30, 1948, after continuous employment there since 
October 8, 1918. The original publication of most of these ob- 
servations is scattered thru the reports of the Division of En- 
tomology in the Annual Reports of the Experiment Station 
from shortly after that date almost up to the present. 


Geokgb N. Wolcott. 



THZ: L3AFH0PPEES OF ¥/HITl CLOVER, repeiL^ L., 

m MORTHEBM HSW YORK AMD Ilf THE 
MOUMTAIWS OF HAITI 

By George N. Wolcott - 

A boiiiitif ul and never-f ailing spring of clear, sparkling 
water flowing: out of tlie mountainside is largely responsible for 
the intensive agricultural development of the region around 
Keiiscoff, Haiti. The abiiiidaiice of water makes possible the 
prodoctioB of such crops as watercress 'J ust below the springs, 
and' of lettuce, onions, cabbage, potatoes, carrots and other tem- 
perate zone vegetables by irrigation at somewhat lower levels, 
and more especially of artichokes. Peach trees thrive at an 
elevation of around 4,000 feet, now producing an abundance of 
fruit since the apparently perfect natural control of the West 
Indian peach scale, Pseiidalacaspis pentagona (Targioni), re- 
sulting from the introduction of the twice-stabbed ladj^^beetle, 
'CMiocorw.s' eacti L. The effectiveness of this ladybeetle, endemic 
in Texas and Cuba, whence it was brought to Puerto Rico and 
then sent to Hispaniola, is seriously lessened at lower elevations 
in the tropics by the abundance of predaceous lizards, ■ but these 
are notably scarce so high in the mountains. Indeed, both flora 
and fauna are primarily temperate zone, the original forest 
being replaced by the- first European settlers with the plants 
with which they were familiar in France, not only fruits and 
vegetables, but also the same grasses and clovers, and not ex- 
cepting the w^eeds. The pastures of the steeper slopes not in 
irrigation to a Targe extent are composed of white clover, fur- 
nishing a rich forage for cows whose milk is the basis for a 
small ■ butter and cheese industry. 

Sweeping areas in white clover {T7dfolium ‘vepens L.) mixed 
with European grasses in a field w^here sweet-peas had been 
grown for export last year, the largest, most abundant and -by 
far the most conspicuous leafhopper present on the clover on 
February 1, 1948, was found to be Hoideiisia similis (Walker)., 
Originally described fro.m Central America as a T eitig onia, ^nd 
for many years' called a- Kolia, this common meotropical leaf-' 

1 Head, Dexmrtment of Entoiiiolo&y of the Agriciiltural Experiineiit Station, University 
©f.riierto Kico. , 
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hopper? opaquely light green above, with a distinctive and un- 
varying pattern in black on head and pronotum, was po.-slbly 
most intensively studied at the time when mosaic disease of 
sugar-cane was invading Puerto Rico, for it seemed to be the 
most probable vector of the disease. (^) In fields’ of young cane, 
its abundance varies directly with rainfall. During drought, 
the adults retreat to moist meadows of ''malojillo” or Para grass 
{Eriochloa suhglabm and Paniciim barbinode) , to stream mar- 
gins, or to the grasses of mountain pastures and the margins of 
forest and coffee groves. Nymphs have been reared on young 
sugar-cane plants, and occur in abundance on grasses, but rarely 
are found on corn, beans, carrots and weeds, from which adults 
have been swept. The nymphs ‘Teed nearly half the time. 
With their thick beak inserted in the cane plant, they let go 
with their legs, using them to get rid of the minute drop of 
colorless excreta which collects at the anus. With all their legs 
in motion at once and these little drops of moisture being hurled 
into the air at the rate of one every seven seconds, a colony 
of Kolia similis nymphs feeding is a most exciting spectacle.’" 
Among the numerous adults swept from white clover at Kenscoff 
were a few nymphs, which may of course have been feeding 
on the grass interspersed with the clover and not on the clover 
itself. It is hardly possible, however, that the numerous adults 
could have confined their feeding to the scanty grasses present 
in the dominantly white clover areas, and clover may be con- 
sidered as a normal host for this leafhopper at the higher eleva- 
tions in the tropics where clover can maintain itself. 

Of the other less numerous, less conspicuous and much 
smaller leafhoppers swept from white clover at Kenscoff, Dr. 

' John S. Caldwell identified and listed in order of abundance 
Unerus colomis ( Uhler ) , previously known on carpet grass 
(Axonop?4$ compressiis) in mountain pastures in Puerto Rico; 
Delto.cephalus sonorus Ball, abundant on malojillo; Nesosteles 
wcim' (Matsumara) on seed-heads of malojillo; the- cosmopoli- 
tan Exitianus obsciirinervis (Stal), and a few individuals of 
the light green Empoasca sativae Poos and Empoasea dilMara 
..Davidson and DeLong. Most of these are neotropical , or West 
.Indian leafhoppers, and -that they should occur .on., white .clover' 
, in tropical. H.aiti would appear to indicate its iiitroductioii' from 
France, presumably ms seed, without any of .its specific leaf- 
hopper pests. 
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The completeness with w^hich white clover may occupy the 
environments to which it is particularly well adapted, to a con- 
siderable extent depends on the specific insect pests attacking 
it. In a pasture in northern New York, so closely cropped by 
cows that the recumbent habit of this clover made it the do- 
minant plant, but a sing'le leafhopper, Agallia quadripimctdta 
(Provancher) , specifically fed upon it. (-) Of this leafhopper, 
approximately one hundred and fifty were counted in one hun- 
dred square feet of pasture; so few that their effect on the 
host was practically neg’lig’ible. Much more abundant was what 
Dr. Herbert Osborn (0 calls the meadow leafhopper. Acuceph-, 
ahis neriKfSus (Schrank), of which approximately five hun- 
dred nymphs and adults were present in the same hundred 
square feet. Bluegrass, redtop, sweet-scented grass and some 
timothy were present in this pasture, and may have been the 
normal hosts, but adults were noted resting on white clover, 
and possibly feeding on it. The other leafhoppers present were 
the timothy crown leafhopper, Aphrodes albifrons (L.), and in 
smaller numbers: Leavicephalus ajfi7iis (Gillete & Baker), Po- 
lymia mimica {Ssi-y) , Amblyselhis cwtmi (Fitch) said Balclutha 
impictus (Van Duzee) , most of which were so scarce as pos- 
sibly having nothing to do with the white clover. Indeed, its 
major pests in northern New York were introduced weevils 
and a cutworm, of which none was noted in Haiti, and from 
which it may be entirely free in the tropical environment. 

The only Fulgorid certainly identified from the white clover 
pasture in northern New York was Bruchoinorpha occulata 
Newman, which was so scarce that no observation on host re- 
lationships was possible. In Haiti, Dr. Caldwell identified the 
most common Delphacid as Delphacodes propinqua (Fieber) ; 
others were Delphacodes teapae (Fowler), Sogata fitrcif era 
(Horvath) and Euidella weedi Van, Duzee. In numbers they 
exceed all of the smaller . leafhoppers, and in bulk were more 
than the approximate equivalent. The first three are more or 
less common neotropical inhabitants of lowland pastures and 
meadows; and are sometimes to be found on young sugar-cane. 
Their occurrence on white clover in the moimtains of Haiti is 
;Oiily one more instance of ho^w readily endemic insects become 
adjusted : to flourishing, newly-introduced plant hosts, 'which. 

■ have escaped' from the pests attacking them in their country of 
origin.. ^ . 
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1. Wolcott, G. N., The Minor Sugar-Cane Insects of Porto Rico. Jour. 

Dept. Agr. P. R., 5 (2) : 5-47, fig. 19. San Juan, April 1921. 

2. Wolcott, G. N., An Animal Census of Two Pastures and a Meadow in 

Northern New York, Ecological Monographs, 7 (1) : 1-90, ref. 42, 
Brooklyn, January 1937. • 

3. Osborn, Herbert, Meadow and Pasture Insects, pp. 288, fig. 103. The 
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BENZEME HEXACHLORIDE AS A TERMITE REPELLEIT 

By George N* Wolcott - 

As ail experimental animal for’ indicating the duration or 
permanence of the residual effect of an insecticide, or other 
chemicah the West Indian dry-wood termite, Cryptotermes 
brevis (Walker), is of value because its reactions are not af- 
fected by the age of the wood sample after this has become 
thoroly seasoned. In the evaluation of benzene hexachloride 
(hexachlorocyclohexane) , the reactions of this termite show 
why this chemical may be of outstanding value in the protection 
of seasoning wood or bamboo against insects which normally 
attack it only at this time, but against the attack of which no 
chemical is needed a few months later when the material is 
completely seasoned. 

Thru the courtesy of Dr. Harry F. Dietz of E. I. Dupont 
de Nemours & Co., a one gram sample of the pure gamma isomer 
of hexachlorocyclohexane was made available for test early in 
1947, together with the technical 12% gamma, for comparison 
with a mixture of alpha and beta isomers purchased from East- 
man. By comparison with a large number of other chemicals 
which have been tested in the laboratory, using standard tech- 
nique (1), very few are as repellent to termite attack for so 
long a period (147 days) at a dilution of 0.05% as is the gamma 
isomer of benzene hexachloride. Yet, despite the continued re- 
sidual resistence of the gamma isomer at greater concentra- 
tions, the sample impregnated with 2% gamma from solution 
in benzol, submerged ten minutes, was eventually eaten within 
less than a year. Because of the minute amount of the pure 
chemical available, no wood sample impregnated with a greater 
concentration than 2% of the gamma could be prepared for 
test. In actual commercial practice, however, if 2 % of any 
chemical ninpregnated in a most susceptible wood fails to be 
repellent to termites over a long period of time, that chemical 
must be summarily dismissed as unsuitable. for use as a termite 
: repeilent, valuable as it may be over shorter periods in protect- 
ing the wood against the attack of other kinds of insects. ^ In- 

. i.Head, ■I)6i>artment of .Eiito.mology of the Agrien.Itu,raI Experiment Station, University 
of ; Puerto Rico. , 
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deed, as the pure gamma isomer is not commercially available 
BOW, and presumably will not become available in the near fu- 
ture, the use of the less repellent technical grades of benzene 
hexachloride for wood preservation ag-ainst termite attack is 
not to be recommended. 

The records of some other chemicals used, or suggested for 
use as termite repellents, are given in the accompanying table, 
for comparison with benzene hexachloride. 


Table No. I 


DA. VS AFTER SUBMERSION TEN MINUTES IN SOLUTION BEFORE ATTACK 
BY' THE -WEST INDIAN DRY-WOOD TERMITE, CRYPTOTERMES BREVIS I'.Walker) 


'Dilutions of 

0. 05fr 

0. Vi 

0. 2i 

0. 5i 


25 

Benzeno Hexachloride : 
alpha (fe'heta (Eastman). 

4 

5 


10 

15 

44 

12'f. canirna (DuPont). . . . 

2‘t 

37 

44 

91 

260 

264 

lOO't samraa (DuPont). . . 

147 

189 

249 

259 

303 

334 

B D T 

25 

27 

29 

35 

37 

uneaten 

Peiitachlorphenol 1 

Copper Pentachlorphenate. 

Tetrachlorxanthone 

Zinc Lake of Alizarin ..... 

lOS 

5 

10 

111 

114 

uneaten ov 

13 

uneaten 40 

uneaten ov 

er a year 

i 

273 

1 

months 

er a year 

337 

over 

4 years 

uneaten 

over 

4 years 


1. Wolcott, G. N,, “Termite Repellents: a Summary of Laboratory Tests” 
Bulletin No. 73, Agr. Expt. Station, Univ. P. R., pp. 18, ref. 11. Rio 
Piedras, October 1, 1947. 



THE SYNONOMY OF EMPOASCA FABALIS DE LONG 
(CICADELLIDAE: HOMOPTERA) 

John S. Caldwell 

Circleviile, Ohio 

Emjjoasca fabalis DeLong^ was described from material 
collected April 15 and June 18, 1929 by Dr. R. C. Smith at 
Port-au-Prince, Haiti, and reported by him as ''extremely abun- 
dant upon beans and sweet potatoes’'. Three years later Ern- 
poasca batatae - Poos was described from material reared on 
sweet potato in a green house at Arlington Farms, Virginia, 
and from material collected on the same host at Fort Myers, 
Florida. Subsequently the two names have remained in liter- 
ature and have caused some confusion because only "one species 
is involved. Fabalis DeL. has been reported as the most abun- 
dant form on beans in Puerto Rico. Recently Dr. Luis F. Mar- 
torell and myself spent over five months collecting Em-poasca 
in Puerto Rico. The common form we found on beans proved 
to he fabae (Harris). The form taken on sweet potato and 
morning glory vines I identified as batatae Poos because the 
drawing of that form is more typical than the drawing for 
fabalis DeL. This liaised the question and the suspicion that 
batatae was the same species as fabalis. After I took batatae 
(really fabalis) from morning glory at Port-au-Prince, Haiti, 
the type locality of fabalis, I was convinced that the two were 
the same species. As the request of Dr. G. N. Wolcott, Monsieur 
Leonce Bonnefil fils, Head of the Section of Entomology, Departe- 
ment de FAgriculture, Republique d’Haiti, forwarded two topo- 
type collections from Damien, near Port-au-Prince, Haiti. The 
specimens from sweet potato were practically pure fabalis DeL. 
and the forms from bush beans- were fabae (Harris). Later I 
have learned that Dr, Ralph H. Davidson considers batatae Poos 
to be a synonym of fabalis DeL. but has never published the 
fact, so I take this opportunity to do so now. 


1. Gan. Ent., 62:92, 1930. 

2. Proc- Ent. Soc. Wash., 35:176-177, 1933, 



A STUDY OF THE EFFECT OF SIX QUALITATIVE CHARACTER FAIBS 
ON YIELD AND COMPONENT CHARACTERS IN THE F^ OF 

A CROSS BETWEEN TWO varieties OF BARLEY" 

By F. Mariota-Trias - 

Introduction 

This article reports the relationship in barley between six 
qualitative character pairs and the quantitative characters: 
w^eight per seed, number of heads per plant, number of seeds 
per head, and yield per plant in the F2 segregating population 
of a cross between the Nigrillaxum {HordeuTYi distichon L.) and 
Brachytic chlorina {H. viilgare L.) varieties of barley. The 
six pairs of genes studied differentiated 2-row vs, 6-row type 
of spike (V,v) ; black vs. w^hite color of glumes (B,b) ; covered 
vs. naked caryopsis (N,n) ; hooded vs. awuiecl type of lemma 
(K,k) ; normal vs. brachytic habit of growth (Br,br) ; and 
green vs. chlorina type of seedling (Fc,fc). The six coiitrast- 
ing characters of the parents were as follows: 

Nigrillaxum _ V B n K Br F c 

brachytic-chlorina v b N k br f c 

The data used for the study were taken by the late Dr. P. 
R. Immer, on material grown at University Farm, St. Paul. 
The quantitative data 'were taken- on the individual plants 
and their genotypes W’ere determined by F3 progeny trials. The 
study consisted primarily of comparisons of the different geno- 
types for a single factor pair with respect to the ' quantitative 
characters. Similar comparisons were made of the interac- 
tions between factor pairs considered two at a time. 

: The mode of inheritance and linkage relations of the six 
factor pairs used are summarized by Robertson, Wiebe and Im- 
mer (13). Each of the characters is simply inherited and all 
are reported to be independent except br-fc which is linked 

■ " Contribution, from ..the Division of Agronomy, and Plant Genetirs. University of^Min- 
nesot.a, , St. Paul, . Minn. Scientific Journal Series, Minnesota Agricultural Experiment 
Station,; ,, Part of' a thesis .submitted to the faculty, of the Graduate Srlj^-ol of t.li.e Uni- 
versity of Minnesota: in partial fulfillment .of-' the Te-quireraents for the d.-gre-e of Ma.ster 
,ot Science. Dec. 1946. _- ' ' _ ' ... 

^ Assistant Plant Breeder, Agricultural Experiment Station, of tlie Uiii'Vi:'.r5ity of Piiertcs 

Kico. 



22S JO’UEKAL OF AGEIGIJLTUEE OF UATIVEESITY OF PUERTO RICO 


with about 9.8 per cent recombination. Two of the factor pairs 
nameiu 2-*row vs. 6-row ( 11 ) and hooded vs. av/ned (10), have 
beer: reported to show a relation to yield. The recessive char- 
acierr’ brachytic and chloriim are usually less vigorous than 
the normal. 

Powers (11) reported the effect on quantitative characters 
of 3 of the 6 character pairs in a cross between Hordeum de- 
ficieiis (Steud) and H. vidgare (L.). He found that the BE 
and bb genotypes did not differ significantly but that Bb was 
in general different from the two homozygotes. The vv plants 
yielded more than the VV and Vv;, and the Vv more than the 
VV plants. Normal plants of the Br Br and Br br genotypes 
were higher in yield than the homozs^gous br br. 

The reader may consult Smith (14) for a comprehensive 
review of the literature on quantitative inheritance and Hayes 
and Imnier ( 6 ) for a review of quantitative inheritance in 
barle^n 


Methods 

The F. plants were grown in 1938, single seeds being 
planted five inches apart in rows one foot apart in a plot 18 ft. 
by 39 ft. in size. Three rows of each parent were planted as 
checks. 

Notes were taken on the phenotype of each plant for the 
six character pairs, each plant was harvested individually and 
the number of heads per plant was recorded. The plants were 
threshed, the number of seeds counted and the yield in grams 
of seed determined, from which the average number of seeds 
per head and the average weight per seed were calculated. 

Since the absence of hulls leads to a reduced weight per 
seed, corrections were made on the yield data for the hulles 
plants based on a regression between seed weight and hull 
weight determined from 25 seeds of each of 48 plants repre- 
senting a wide range of phenotypic combinations. 

The complete genotypes of the F 2 plants were determined 
by classifying the Fa progeny. Of the Fo plants, 6 of the Br 
Fc, 12 of the br Fc, 4 of the Br fc, and 94 of the br fc pro- 
duced insufficient seed for the F 3 test (less than 0.5 grams) 
and were discarded leaving a total of 1044 plants. 

The complete quantitative data and their squares, and the 
genotypes for each of the 1044 plants w^ere punched on cards. 
Ordinarily the cards would then have been sorted by genotypes 
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to obtain the data for each gene pair singly and also in combina- 
tions of two or more gene pairs at a time. In this case, since 
a large proportion of the F, plants with insufficient seed were 
hr, fc or hr fc, making the yield of these genotypes higher than 
they should be, it was deemed necessary to remove the effects 
of the Br, br and Fc, fc segregation by including their differ- 
ent observed genotypes with each of the genotypes for the gene 
pair or pairs being studied. Consequently the cards were sorted 
for all genotypic combinations between the gene pair or pairs 
being studied and Br, br, Fc, fc. 

In order to study the effects of the qualitative genes on 
each quantitative character, the mean value for each genotype 
was calculated and used in the comparisons. For example, the 
difference Vv-vv was interpreted as the effect of substituting the 
first dose of the dominant gene; VV-Vv the effect of substitut- 
ing the second ; and VV-vv the total effect of both. In study- 
ing the interactions between two non-allelic genes, for example, 
V,v with B,b ; the above three comparisons were made in each 
of the BB, Bb, and bb genotypes. Finally, the effect in one 
of these latter genotypes was compared with that in each of 
the other two. For example the Vv-w effect in the BB geno- 
type was compared with that in the Bb and bb genotypes. 

The statistical methods for calculating the means and stand- 
ard errors and for determining the significance of differences 
will now be described. 

Statistical Methods 

The method of removing the effects of the Br,' br and Fc, fc 
segregation will be illustrated by the calculation for the yield 
of a genotype used in the study of the interaction between V,v 
and B,b. To obtain the corrected sum of squares of the yields 
for the WBB genotype, that is, freed from the effects of se- 
gregation for Br, br and Fc, fc, an analysis of variance for in- 
dividual plant yield for each of the different genotypic combina- 
tions between (Br vs. br) (Fc vs. fc) within the VVBB geno- 
type was calculated separately and the totals combined. The 
formula used is as follows: 

“the sum of squares” = S(y)^S (y)y, where: S(y) = sum of 
the yields of all plants, y = mean yield of the plants of the 
given genotype and y = yield of individual plants. 
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The results of the calculations for the VVBB genotype are 
given in Table 1. Since there are 69 plants in the VVBB se- 
gregation composed of 7 classes for Br, br vs. Fc, fc, the de- 
grees of freedom -will be 69-7 = 62. The total sum of squares, 
350.75, divided by the degrees of freedom, 62, is the variance 
or mean square. The variance of the mean was determined 

from the formula : Vm ^ of squares . This method 

D.F X N 

of calculating the variance combines the differences between the 
genotypic combinations between Br, br and Fc, fc into a single 
value, this being used to calculate a generalized estimate of the 
error for that particular genotype of V with B. ' 


Table No. I 


I^LUBTEATION OF THE METHOD OP CALCULATING THE CORRECTED SUM OF 
SQUARES OP THE YIELDS OBTAINED WITH A QIVEiN GENOTYPE (VVBB) 
FOR ALL COMBINATIONS OF THE QUALITATIVE CHARACTERS Br br AND Fo fci 


Genotype 

N 

S(yD 

S(y)(y) 

S(y’)-S(y)(y) 

VVBBBrBrFcFc 

17 

745. 83 

613. 20 i 

132. 63 

9. 31 

VVBBBrBrFcfc 

5 

243. 24 

23i 93 

VVBBBrBrfcfc 


VVBBBrbrFcFc 

5 

246. 36 

228. 49 

17. 87 

186. 56 
.02 

VVBBBrbrFcfc 

31 

1,265.67 

3.94 

1,079. 11 

VVBBBrbrfcfc 

2 

3. 92 

VVBBbrbrFcFc 


VVBBbrbrFcfe 

4 

18. 78 

If). 21 

3. 57 
.79 

VVBBbrbrfcfc. 

5 

5. 99 

5. 20 




69 



350- 75* 


* Corrected sum of squares for VVBB. 

1 Tbe method of removing the effects of Br br vs. Fc fc was suggested by W. G. Cochran 
in a letter to Dr. F. R. Immer. 


Table No. II 


ILLUSTRATION OF THE 'METHOD OF CALCULATING THE MEAN SQUARES, AND 
VARIANCE OF THE MEAN USING “SUM OF SQUARES” CORRECTED 
BY REMOVING THE Br br VS, Fc fc EFFECTS 


Genotype 

N 

[ 

Classes 

1 ' ■ 

D. F. 

Mean 

Yield 

1 Corrected 
Sum of 
Squares 

Mean, 
Square " 

Var,iance 
of mean 

. VVBB. ........ 

69 

7 

62 

5.343 

350. 75 

5. 6572 

.081989 

VVBb 

122 

7 

115 

5. 163 

959. 01 

8.3392 

.....068354 

VVbb 

79 

j 

72 

5. 589 

791. 72 

10. 9961 

.139191 

VvBB , 

144 

9 

135 

a 356 

1,217. f36 

9,0197 

.,062637 

VvBb 

267 

7 

260 

6.745 

2,961.78 

11.3915 

.042665 

■ Vv'bb. . .......: 

114 

a 

106 

5.818 

960.81 

9.0642 

.079611 

vvBB 

62 

7 

55 

6,082 

614. 19 

11.1671 

.180114 

vvBb 

116 

7 

109 

6. 217 

1,278.07 

11.7254 

. 101081 

,yvbh. .... 



63 

5.159 

740.58 

11,7552 

.165607 


1, 044 

07 

977 


9, 874. 57 ■ 
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Table 2 suitimarizes the calculations for the nine genotypes 
for the factor pairs V,v and B,b. To determine if a single gen- 
eralized error could be used for the 9 genotypes insolving V,v 
and B,b, a homogeneity test (1) was applied to the 9 separate 
generalized errors. The writer found heterogeneity as Powers 
(11) did in his study. Since the variance were not homoge- 
neous, and a generalized estimate of error could not be used, 
“t” values to determine the significance of mean differences be- 
tween genotypes were calculated by the usual formula for 

s_, the standard error of a difference between two means: 

d . . 

s_= V Vi -f V 2 , where Vi and V 2 are the respective variances 

d 


of the means under comparison. 

As an example, the effect of VV will be compared with that 
of Vv in the BB genotype, taken from Table 2. For VVBB, 
Vt 0.081989 and VvBB, = 0.062637. 


Then s = V 0.081989 + 0.062637 = .3803 
d 

Since the ratio of the difference between means, d, to its 
standard error, does not follow Student's ‘V distribution 

d ' . 

except in special instances (2), some other method must be 
used. The approximation t' given by Cochran and Cox 

d, 

was used. The approximation consists in calculating t “ — 

s 

, , 1 

and finding a significance level t' weighted in accordance with 
the following procedure: 


wt " wt * 

11 J_ 2 

t' = X — X -where ti and U are the significance level 

w -f- w 
12 


values for ni and ns degrees of freedom and w, = Vi and Wa = 
Va, the latter being the variances of the two means. In the 
present example for VVBB-VvBB at the 6% level: 

(.081989 X 1.995) -j- (. 062637 X 1.977) ^ c>87 

* .081989 -f .062637 ~ 


* Since w, = V, and w, = Va, this foranila becomes 


V,ti + Vsfe, 
V. + Ya 
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Since t' always lies between the ordinary t values for iii and 
n2 degrees of freedom, all cases except those on the borderline 
of significance can be decided without the actual calculation 
of t’. Since the difference in mean yields is: 

VvBB — VVBB =: 6.356 — 5.343 == 1.013, 

d 1.013 

then t — — = 2.664 

s .3803 
d 

In this example the observed ‘"V value of 2.664 is well above 
not only this t’ value, but also the value of 1.995 corre- 
sponding to the 5% level for 62 degrees of freedom. There- 
fore it would not have been necessary to calculate t’ for this 
comparison. 

For the effects of the different genotypes for each gene pair 
considered singly, the mean value of the corresponding quan- 
titative character for each was calculated and the correspond- 
ing variance of the mean determined by using the corrected 
“sum of squares” as described above to remove the effects of 
the Br, br and Fc, fc segregation. 

The net effects of V vs, v in the population classified for 
each of the other gene pairs considered singly were also cal- 
culated from data in which the interactions were studied. For 
example, for the V-v pair in the population classified for B vs. 
b the following values were calculated from the data in table 2. 


Genotype 

N 

D. F. 

Totals 

of 

yields 

Corrected 
sum of 
squares 

Variance 
of the 
mean 

VV 

270 

.... j 

249 

16. 095 

2, 101, 48 

.03125S 

Vv 

625 

601 

17. 919 

6, 140. 20 

. 019543 

VT 

239 

227 1 

17. -158 

2, 632. 84 

• . 046580 


For the net effect of adding one V, we have 
Vv-VV — 17.919 — 17.458 = .461 (net effect), 


and t = ' = 1.794, significaHce being: 

V .019543 -I- .046580 

determined as before. In general these net effects should agree 
with the effects of each gene based on the total population. 
Any differences result from the fact that the net effects are 
based on means for genotypic combinations between two pairs 
of factors, the grouping being different for different cases. 
In deteniiining the effects of the Br-br and Fc-fc gene pairs Gon- 
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sidered sing'ly, mean values and their variances were calculated 
for each quantitative character directly in spite of the possible 
bias due to the elimination of a large number of the recessives. 
Had they been included, the differences would have been still 
larger. 

Interactions (To determine whether a gene effect in one of 
the three genotypic backgrounds for a second gene pair was sig- 
nificantly different from its effect in either of the other two 
genotypic backgrounds for this gene pair). 

Since an analysis of variance could not be calculated to test 
the significance of the interactions of one gene with a non- 
allele, the “t” values to determine the significance of the first 
order interactions were obtained by the method given by 
Powers ( 12 ). The formula for obtaining t as stated by him 
is as follows: 


Xi -|- X4 X2 X3 


-f 82^+83^ -f s/ 
V niUi’ njUs' nans' n 4 n 4 ' 


Xi -f X4 — Xa — Xa 
or ~ 

V Vl + Va -t- Vs + V4 


In the above formula Xi, X2, X3 and X4 are the mean of the dif- 

2 2 2 2 

ferent genotypes: Si, S2, S3 and S4 are the sum of squares 
for the estimation of the separate errors ; ni, n2, and 334 are 
the corresponding degrees of freedom available for an estima- 
tion of the separate errors; and n’l, n’2, n’3, and n’4 are the 
corresponding total numbers of individuals for the genotypes 
whose means are involved in the calculation of the interaction. 

As an illustration of this calculation of interactioHj, 
the following data for yield from Table 2 may be used : 
(Vv BB — vvBB) — , (Vv Bb — vv Bb) (6.356— 6.082): 

— (5.745 — 6.217). In other words the Vv-vv effect is being 
compared in the BB and Bb backgrounds. 

6.356 + 6.217 — 6.082 — 5.745 


I 1217.66 H- 614.19 -f 2961.78 + 1278.07 

V (135x144) (55x62) (260x267) (109x116) 

_ 6.356 + 6.217 — 6.082 — 5.745 

1 0.062637 + 0.180114 + 0.042665 + 0.101081 

V' 


.746; 


. 6217 ; 


1.200 ' 
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For these “t” tests of significance, all values found to exceed 
1.960 were considered significant at the 5% point, since the 
total number of degrees of freedom in each test was always very 
large. 

The mean, variance, variance of the mean and the standard 
errors of the yields and its components were calculated for the 
six character pairs singly and in all combinations of two each. 
Differences giving probabilities as low or lower than 0.05 that 
the deviations as great as those noted might arise because of 
errors of random sampling were considered to be statistically 
significant; although some caution must be exercised since with 
such a large number of comparisons, certain of them are un- 
doubtedly chance variations. 

Experimental Results 

Each factor pair except Fc-fc in F 2 and all of them in F 3 
gave good agreement with a monogenic ratio as expected from 
previous studies (13) . For the Fc vs. fc pair there was a de- 
ficiency of chlorina plants in F 2 due possibly to low germination 
or poor survival. 

The values for the linkage components indicated no as- 
sociation except between Br,br and Fc,fc factor pairs and be- 
tween N,n and K,k. All other combinations of two factor pairs 
showed a good fit to dihybrid segregations. The Fa data on 
which these are based are in table 3. 


Table No. Ill 

Fs SRGREGATIONS FOR CHARACTERS SHOWING LINKAGE. Fa DAT A 



■ ■ 

1 





i 

1 IdBkage Component 

Per Cent 
Recom- 
bination 

Weighted 
p value 

Fa and:Fi 
Data ' , 

S.egreg0ti'Oii 

AB 

Ab 

aB 

ab 

Total 

X2 

P 

PriKluct ■ 
Method 

N-K... 

, 575 

200 

210 

59 

1.044 

l.tB 

.30— 2D 

47. 0d=2. 40 

4D.l=fci. 71 

Br-Fc-... . ' 

sao 

21 ' 

32 

' 131 1 

1,044 

37B. 10 

. 0001 

6- 3rir . 78 

7.B±.5S 



The loose but significant linkage btween N and K suggests 
a chromosome abnormality, possibly a translocation, but was 
not found in time for a cytological study. The interpretations 
of the results may be affected since two closely linked qual- 
itetive factors might be expected to show similar associations 
with linked quantitative factors. 
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Main Effects — Differences Between Genotypes for Each 
Gene Pair Considered Singly 

The average values for yield and its components for the 
homozygous and the heterozygous genotypes are in table 4 and 
the comparisons for each gene pair are in table 5. Any ob- 
served difference may be interpreted either as due to the ef- 
fect of the gene itself or to the effect of one or more linked 
quantitative factors. If the latter, the observed degree of ef- 
fect will depend on the closeness of the linkage, i.e. the closer 
the linkage the more nearly will the observed difference rep- 
resent the actual effect of the quantitative gene itself. For ease 
of discussion the difference will be described as due to the ef- 
fect of the qualitative factor itself throughout the presentation 
of the results, although in reality it may be due to an asso- 
ciation with a quantitative fafctor. 

The comparisons between genotypes for a given gene pair, 
for example Vv-w, VV-Vv, and W-vv, are interpreted as be- 
ing the effect of substituting the first dominant, the second 
dominant, and both respectively for either or both recessive 
alleles. The effect of the second dominant is the effect of add- 
ing another one to a genotype which already has one. The 
W-vv difference is the algebraic sum of the other two. 


Table No. IV 

A SUMMARy OF .QUANTITATIVE U/HARACTER .MEANS .FO.R THE 1 :>I:e:f:ER.ENT 
GENOTYPES CONSIDERED SINGLY 


Genotype 

. 

N 

Mean yield 
in grams 
of seeds 
per plant 

Mean 
numbi^r 
of beads 
par plant 

Mean 
number 
of seeds 
per bend 

Mean weight 
of swd . 
in grams 
per seed 

. VV...' 

270 

5. 334 

9. 211 

1.54. 65 


Vv. 

525 

5. 929 

9. 265 

223. 46 

, 025778 

’ VV. ■ 

249 

5.882 

7. 924 

261.59 

. 0214S1 

BB. ■ 

. 275 ■ 

6. 040 

9.516 

225. 12 


Bb,...,:. 

605 

5. 713 

'.8,824 

. 213. 51 

. 026514 

bb... 


. 6.' 572 

■8. 527 

206. 34 

. 025997 

NN......... 

276 

5. m2 

' a.a87 

222. 70 

. 026170 

Nn , 

499 

5.674 

^ 8.89 4 

211.25 ’ 

. 026344 

nn, 

269 

5.S69 

9. 045 

213. IS ' 

. 02f’>979 

KK. 

264 

5. 163 

9. 015 

197.1! ; 

. 025725 

' 

621 

5. 729.. 

9.142 

[ 214. 13 ' 

. 026678 

■ .kk, ...' 

259 

6. 455 

,8.420 

: . 234.00 , 

; . 1 

. 020776 

BrBr . . . 

360 

6.639 

10.006 

! . 253. 81 ! 

i . mmi 

Brbr 

621 

a 602 

9.994 

i ■ 2S«i 73 1 

i 

brbr ; . 

■ 163 

1. 14S 

3. lf» 

58. 26 1 

. 019154 

FrFc 

333 

6.586 

10. 048 

; 2IS. 92 i 


Fefo. , : 

569 

! 6. 601 

9.968 

' 2». 46 ! 

jmiia 

fcfc 

1 152 

[ ..S8S' 

2,871 

; 45.39 ! 

! .019354 

! 
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Table No. V 


DIFFERENCES IN QU -INTITATIVE CHARACTER MEANS BETWEEN GENOTYPES 
FOR INDIVIDUAL CHARACTER PAIRS CONSIDERED SIxNGLY 


1 

Genotype 

Difference 
between 
mean yields 

Difference 
between 
mean number 
of heads 

.Difference 
between 
mean n.uri].ber 
of seeds 

Difference 
between 
mean weight 
of .seed 

Yv-vv 

. 047 

1.341** 

—38. 13** 

.004297** 

VV-Vv 

— . 595* 

— . 054 

—68. 81** 

.006605** 

VV-vv 

—.548* 

1.287** 

—106. 95** 

.010903** 

Bb-bb.. 

.141 

.297 

7. 17 

. 000517 

BB-Bb.... 

.327 

. 592* 

11. 61 

- 000298 

BB-bb 

. 408 

. 989** 

18. 78 

.000815 

Nn-nn 

— . 1S5 

—.151 

—1.90 

— . 000635 

NN-Nn 

.158 

— . IX)7 

11.45 

— . 000174 

NN-im ’ 

—.027 

— . 15S 

9. 55 

— . 000809 

Ivk-kk 

— . 720** 

. 722* 

—19. 87* 

— , 000098 

KK-Kk 

— 576** 

— . 127 

—17. 03* 

—.000953* 

KK-kk 

—1.302** 

. 595 

—36. 89** 

—.001051* 

Brbr-brbr 

5. 454** 

6. 834** 

178. 47** 

. 00945D** 

BrBr-Brbr 

.037 

. 012 

17. 08 

— . 001920** 

BrBr-brbr 

5. 491** 

6. 846** 

195. 55** 

. 007530** 

Fcfe-fefe 

5. 710** 

7. 297** 

195. 07** 

. 0<3S760** 

FcFc-FcEc 

—.016 

.080 

8. 40 

— . 001160* 

FcFc-fcfc 

5.700** 

7. 377** 

203. 53** 

, 007600** 


* Sigalfieant at the 5 % probability level. 
** Significant at the 1 % probability level. 


Effect of 2-roiv versus 6 row {V vs. v). There was no ef- 
fect on yield due to the substitution of the first dominant as 
measured by the Vv-vv comparison. The substitution of the 
second V as measured by the VV-Vv comparison significantly 
decreased yield. The total eifect of substituting both V’s as 
measured by the VV-vv comparison was a significant decrease 
in yield. 

The substitution of the first V significantly increased the 
number of heads per plants, the second V had no effect, while 
the total effect of both was to significantly increase the number 
of heads. 

For number of seeds per head the first V produced a de- 
crease, the second V reduced it still further, and the total ef- 
fect of both was necessarily a significant decrease. 

As to average weight per seed the first V increased it sig- 
nificantly, the second V increased it still further and again the 
effect of both was, as expected, a significant increase. 

The effect of the first V to increase number of heads and 
weight per seed was counterbalanced by a decrease in number 
of seeds, the net result being no effect on yield. The substitu- 
tion of the second V had no further effect on number of heads. 
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but decreased the number of seeds and increased the weight 
per seed. The decrease in number of seeds per head accounts 
for the net decrease in yield as a result of substitution of the 
second V. These comparisons thus represent the change' from 
6- to 2-row. 

Effect of black versus white color of glimies (B vs. 5). 
There was no effect on yield, number of seeds per head nor 
weight per seed due to the substitution of the first or the second 
B or of both. 

For number of heads per plant the substitution of the first 
B had no effect. However, the second B significantly increased 
the number of heads per plant, and the total effect of both 
B’s was a significant increase. In spite of this, there was no 
significant net effect on yield. 

Effect of covered versus viaked caryopsis (N vs. n). No one 
of the quantitative characters was affected by substituting 
either the first or second N or both. 

Effect of hooded versus aivned lemma (K vs. k) . The sub- 
stitution of the first K significantly decreased the yield, the sec- 
ond K decreased it still further, while the effect of both K's was 
necessarily a significant decrease. 

There was an increase in number of heads per plant due 
to the substitution of the first K. 

As to number of seeds per head the first K decreased it 
significantly, the second K decreased it still further, while the 
total effect of both K’s was a significant decrease. 

For weight per seed the first K had no effect, while the 
substitution of the second K and of both K's significaiitly de- 
creased it. 

The significant decrease in yield due to the substitution of 
the first K appears to have been brought about mainly by a 
decrease in seed number, since the number of heads whs actually 
increased. The decrease in yield attributed to the second K 
seems to have been the result of a decrease in weight of seeds 
as well as in number of seeds. 

Effect of normal versus brach^tie habit of grotvth {Br vs. 
The' substitution of the 'first Br produced a significant in- 
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crease in the yield, number of heads, number of seeds and 
weight per seed. The second Br had no effect, except to de- 
. crease the weight per seed. The total effect of both was a 
significant increase in yield, number of heads, number of seeds 
and weight per seed. As to weight per seed the heterozygous 
Br br seeds were heavier than either of the homozygotes, an 
indication of heterosis or of Hull’s superdominance (7). 

Effect of normal versus chlorina seedlings (Fc vs. fc). The 
substitution of the first Fc produced a significant increase in 
the yield, number of heads per plant, number of seeds, and 
weight per seed. The second Fc had no effect except to- de- 
crease weight per seed. The total effect of both F’cs was a sig- 
nificant increase in yield, number of heads, number of seeds, 
and weight per seed. The heterozygous (Fcfc) seeds were 
heavier than the homozygous ones, ag'ain an indication of he- 
terosis. 

Interactions of each gene pair with a non-allelic -pair. Two 
questions will be considered here: first, in which genetic back- 
grounds is a given gene effect significant; and second, are there 
effects which are significantly different in the different geno- 
types for a given non-allelic gene pair. For brevity, only the 
data on the interactions of the V-v pair with non-alleles are 
presented, information on the first question being in table 6. 
Information on the second question is in table 7. It is helpful 
in interpreting the latter tables to refer to the corresponding 
tables 6 and 7 to determine the magnitude and direction of 
the differences being compared. For example, the significant 
interaction (WBb-vvBb) — (VVbb-vvbb) ~ — 1.484 (table 7) 
is a comparison between (WBb-vvBb) = — 1.054 and the 
(VVbb-vvbb) = .430 given in table 6. Interactions of the other 
gene pairs will be discussed without presenting the data. 
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Table No. VI 


QUANTITATIVE CHARACTER -DIFFERENCES BETWEEN GENOTYPES. 
FOB THE V vs, v CHARACTER PAIR WITHIN DIFFERENT 
GENOTYPES FOR A NON-ALLELIC PAIR 




Y ield 



Number of heads 


B vs. b 

N vs. 11 

K vs. k 


B vs. b 1 

N vs. .11 'i 

•K vs. k 

A A 

Aa- ..... 
aa ..... . 

.274 
472 
, ()09 

— . 073 
. 136 
.044 

— . 09S 
. 361 
— 291 

Vv-vv 

2.032* 

.541 

1.910* 

. 9(17 

1. 550** 
1. 395** 

1. 59i)** 
1.355** , 
1.085 

AA.-...: 

— i.mH* 

— 1. 570** 

— . 220 

VV-Vv 

■ —.4.88 

—.482 

— . 122 

All 

—.582 

— . 555 

— . 430 


— . 1.37 

— . 205 

— . 119 

aa 

— . 220 : 

. 149 

—1. 30S* 


. 553 

. 550 

. 252 , 

A A 

—.739 

—1. 643** 

— . 318 

V^■-vv 

!' 1.544* 

. 485 

1. 378* 

Aa..; .. . 

—1. 054* 

— . 419 

—.069 


; . 401 

l.:345** 


aa 

.430 

. 193 

—1, 599* 


i 2. 472* 

1. 945** 

1. 337 



Niiiiiber of seeds 


Weiglit per seed 


B vs. b ,| 

N vs. n 

K vs. k 


Bvs. b 

N v.s. 11 

K vs. k 

A, A 

—22. 65 

—49.90* 

—41. 69* 

Vv-vv 


. rM1593g'** 

.004788*'* 

■A a, 

—65. 91** 

—31. 06* 

—.12. 74** 


. [K»45T3** 

. 0)0.1443** 

.(>04395** 

aa 

—6. 44 

—37. 09 

—40. S3 


.004364** 

. 003924** 

. 003570** 

A A 

—83. 7S** 

—88. 50** 

—53. 62** 

VV-Vv ' 

. 00T220** 

. ID3814** 

-.005941** 

A a 

—64. 7.3** 

—71. 80** 

—61. 98** 


. 0U6254** 

. IH>7516** 

. 007060** 

; lii 

—62.68** 

—46.50** 

-98. 50** 


.006845**; 

. 007458**: 

■ .lX!0,vl5** 

A A 

— lOA 43** 

—138. 40** 

—95. 31** 

VV-vv 

.010560** 

i 

.010729**, 

Aa. 

—130. 64** 

—102. 36** 

—94. 72** 


. 010827** 

. 010959** 

.011455'**' 

aa 

—69. 12** 

— 83.6S** 

! —139. 33** 

j 


.011209** 

. 011.3S2** 

. 0,10205** 


T.\ble No. VII 


SIGNIFICANT INTERACTIONS OBTAINED BETWEEN A GIVEN EFFECT OF 
V vs. V .VND DIFFERENT GENOTYPES FOR A NON-ALLELIC PAIR 


Interactions 

DifR'i'ence 

YiELB PER Plant; I 

i'VVNN Vv'NNl— fVVnvi 'Vvmn) ... ' i 

— I-TIO** 

I'V'VNN Vv-'NlNy fWN'n- VvN'ii''. ' 

— i.mo* 

fV’^VNN WNN) "(VVtmi VYnn 1 ..... 

—1.836* 

rVVBb VVPhV fVVhh vvhhl .. 

—1.484* 

A VER.i^GE Number OP flE.uas PEB Plant; 

1. 491* 

f iT-fT-Rh 1 /Vv’-hb Vvhhl ....................... ■ 1 

—1. ;;7s* 

\ vv^l'iV) i i 

1 ^ —2. (Mis* 

A TPiRAGE Number of Seeps fee He,ad.-: ■ ■ . , . I 

—59. 47* 

■ r’A"\('X'TXT_\Tr--'\T'\T 'i n-Vvnn ) . . . . 

--41.91* 

fFV'frtr Yfv'LT'iri fWkk-Vvkkl ■ . ^ ■ 

44. HS* 

fl7'\7'nK~.rftrTlPs 'i— - rW’'hh~whh 1 . 

—01.52** 



A'Veeage Weight fee Seed; 

,002495** 

fW^J'NT-VvNNl ^(VVNru-VvNiiV . . . • - 

-.003702**. 

i \ V IN j,.N V V .aN An J f V V .*-\ i. 1 , v > .-.n i* ^ • • < . . . 

fArtrXTXT A7'TT\TTSj’’i._v,M/Vnn.-Vvnrtl ■ ' - 

—.003644** 
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Interaetions of F-'P. For average yield per plant, table 6* 
shows that the substitution of the first V had no significant ef- 
fect in any of the genotypes of B-b, N-n, and K-k. The second,^.. 

V significantly decreased the yield only in the BB, ISTlSr and kk. 
genotypes. The effect of both V’s was significant only in the- 
Bb, NN, and kk genotypes- Table 7 shows that the effect on 
yield of the second V, as measured by W-Vv, was significantly 
different in the NN as compared with either the Nn or nn 
genotypes. The effect of both V’s was significantly different 
in the NN vs. iin; and also in the Bb bb genotypes- All 
other -effects on yield were not significantly different in the^ 
three genotypes for any given non-allelic pair. 

For average number of heads per plant, (table 6), the sub- 
stitution of the second V was in no case significant in any of 
the non-allelic backgrounds. Substitution of the first V re- 
sulted in a significant increase in all cases except in the Bb,. 
NN and kk genotypes. The effect of both V’s was also sig- 
nificant in all cases except in these same genotypes. The ef- 
fect of the V vs. v for number of heads is only significantly 
greater, (table 7), in the BB and bb genotypes than in Bb- 
The effect of both V’s in bb was greater than in Bb. 

In the study of average number of seeds per head, the first 

V produced a significant decrease, (table 6), in the Bb, NN^ 
Nn, KK and Kk genotypes. The second V produced much 
greater reductions which were highly significant in all geno- 
types. The addition of both V’s was also significant in all 
genotypes. The decrease due to the first V was greater, (table 
7) , in the Bb than in the bb genotype. The further decrease 
due to the second V was greater, in the NN than in the nn 
genotype and in the kk than in the KK genotype. The decrease 
due to both V’s was greater in the Bb than in the bb genotype. 

For average weight per seed, the first V brought about a 
highly significant incresae in all cases (table 6). The second 

V still further increased the seed weight by a highly significant 
amount in all eases. The increase due to the first V was 
greater, (table 7), in the NN than in the Nn genotypes. The 
increase due to the second V were greater in the NN than 
either the Nn or the nn genotypes. 

The chief component to account for the decreased yield in 
certain genotji>es was the decrease in average number of seeds 
per head, since seed weight was increased in all genotypes. 
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Interactions of K vs. k. For average yield per plant, the ef- 
fect of the first K was to significantly decrease yield in the 
Vv, vv, Bb, Nn and nn genotypes (all P* except in nn, P**). 
Addition of the second K decreased the yield only in the Vv, 
Bb and nn genotypes. The total effect of both K’s was to de- 
crease the yield in the Vv, vv, Bb, Nn and nn genotypes (P** 
for all but w and Nn for which P*). The effect in yield of 
the first. K was significantly different in the NN vs. nn geno- 
types (P**). The effect of the second K was different in the 
Bb and BB genotypes (P’^) and in the Nn and nn genotypes 
The total effect of both K’s was significantly differ- 
ent in BB and Bb (P*), NN vs. Nn and nn genotypes (P**). 

For number of heads per plant, the effect of the first K, 
the second K and of both was not significant in any genotype. 
The total effect of both K’s was different in the Nn and nn geno- 
types (P*). 

For number of seeds per head, the effect of the first K was 
negative and significant (P^) in the Vv, and nn genotypes. 
The effect of the second K was significant in the Bb and nn 
genotypes. The effect of both was significant (P**) in the 
Vv, Bb and nn genotypes. The total effect of both K’s was 
different in VV and Vv and in NN and nn (P*) genotypes. 

For weight per seed the first K had no significant effect. 
The second K decreased the weight (P*) in the VV and vv 
genotypes. The total effect of both was a decrease in weight 
in the w, Bb and nn genotypes. The effect of the first K was 
different in the NN and nn genotypes (P*) . The effect of both 
K’s was different in NN and nn genotypes (P*). 

Interactions of B vs. h. For average yield per plant there was 
a significant increase in yield of BB over bb (P*) in the NN 
genotype, and in the vv genotype for the Bb-bb (P*) com- 
parisons. In the BB-Bb comparisons there were significant dif- 
ferences in the KK (P**) genotype. There appeared to be a 
trend in favor of higher yield of the BB genotype, although 
this may be due to chance, since the net difference was not sig- 
nificant. The effect on yield of the first B was greater (P*) 
in the vv than in the VV genotype. The second B effect was 
greater (P*) in the KK than in either the Kk or kk genotypes. 

For average number of heads per plant, significant differ- 
ences in favor of BB over Bb plants were found in the Vv, Nn 

P* means t Hat the difference SO qualified was significant at the , point, 

P** means that the difference so qualified was significant at the iioint. 
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and KK genotypes. In the BB-bb comparisons, there were sig- 
nificant differences in favor of the BB genotype in Vv, NN and 
Nn. The effect of the first B was greater (P*) in the vv than 
in either the Vv or the VV genotypes. The effect of the second 
B was greater in the Vv than in the vv genotype (P*). 

For number of seeds per head, the effect of the first B was 
a significant increase (P*) in the vv genotype. The effect of 
adding the second B was an increase only in the Vv, and KK 
genotypes, (P*). The total effect of both was significant only 
in the NN genotype (P*). The effect of the first B was greater 
in the vv than in either the VV or the Vv genotype. 

For average weight per seed, the increase due to the first 
B was significant only in the NN genotype (P*). The effect 
of the second B ■was significant in no case. Only in the vv 
genotj’pe was the total effect of both B’s significant (P*) while 
the individual effects in this -w genotype were not. The ef- 
fect of the first B was greater (P*) in the NN than in the nn 
genotype. 

N vs. n interactions. For average yield per plant, the ad- 
dition of the first N produced no significant effects. The same 
was true for the addition of the second N. The total effect of 
both was significant and negative in the VV (P**) genotype, 
positive in the KK (P*) and negative again in the kk geno- 
type. In other words, the total effect of both was to depress 
the yield in the presence of kk; and to increase it in the pres- 
ence of KK. The effect on yield of the first N was to increase 
the yield in the KK genotype and decrease it in the Kk and kk 
genotypes. The effect of the second N was to increase the yield 
VV and to decrease it in the Vv. The effect of both N's was 
different in the VV than in the Vv and vv (P*) and in the 
kk from that in either the KK (P**) or the Kk (P*) genotype. 

For number of heads per plant, in no case was there any 
specific interaction with a non-allelic genotype. The effect of 
the first N was different in the kk genotype where there was 
a decrease in number of heads while in the KK there was an 
increase in number of heads. 

For number of seeds per head, in the W genotype the total 
effect of both N’s was to significantly decrease the number of 
seeds per head (P*). The effect of the first N was different 
in the KK from that in the kk genotype <P*). The effect of 
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both N’s was significantly different in the VV from that in the 
Vv genotype (P*) and in the KK from that in the kk geno- 
type (P*). 

For average weight per seed, addition of the first N sig- 
nificantly (P*) decreased weight per seed in the bb genotype. 
Addition of the second N affected seed weight in the VV (P*) 
and Vv (P**) genotypes. In the former the weight was de- 
creased, in the latter it was increased. The total effect of both 
N’s was significant and negative in the VV (P**), bb (P*), 
and kk (P**) genotypes. The effect of the second N was dif- 
ferent in the Vv from that in either the VV or vv genotypes 
(P**). The effect of both N’s was different in the W from 
that in the Vv genotype (P*«^) ; in the bb from the Bb geno- 
type (P*) and in the kk from that in either the KK or -Kk 
genotypes (P*). 

Discussion of Results 

Before attempting to interpret the differences found to be 
statistically significant, it is necessary to point out that in such 
a large number of comparisons as was made in this study, a 
few of them are actually only chance differences. Which ones 
they are, cannot be recognized. To be safe, those which do 
not appear to be‘ consistent are regarded with suspicion. In 
a study of sampling using Student’s distribution, Treloar and 
Wilder (15) studied this problem to which the reader is re- 
ferred if interested. 

Certain of the qualitative characters were consistently as- 
sociated with differences in the quantitative ones, and will be 
discussed here. Many of the associations can be interpreted 
as results expected from the known morphological or physio- 
logical differences brought about by the qualitative characters. 

The higher yield of awned lemma (kk) over hooded (KK) 
is probably due to the favorable physiological effect of the pres- 
ence of the awn which has been reported by many workers (re- 
view in Hayes and Garber (5)) . The higher yield of the 6- 
rowed (vv) over the 2-rowed (VV) plants may be accounted 
for by a greater number of seeds per head since the laterals 
of the 2-rGW plants (VV) are infertile. 

A higher number of seeds per head, one of the major com- 
ponents of yield, was found associated not only with the vul- 
gare type of spike (vv) but also with awned lemma (kk) . The 
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latter does not naturally follow except possibly from a physio- 
logical effect of the awn. The higher weight per seed asso- 
ciated with 2-row type of spike (VV) and awiied lemma (kk) 
may have similar explanations. The seed of the 2-row types is 
expected to weight more since the central row seeds usually 
are larger than those in the laterals (8) . Also the reduced 
seed number per head, in 2-row as compared with 6-row may 
result in increased seed size. The higher w^eight per seed of 
awned lemma (kk) over hooded (KK) may de due to the fa- 
vorable physiological effect of the awn. 

Higher number of heads per plant was associated with 2- 
low type of spike (W) and with black color of glumes (BB) . 
The latter may be due to an association of the BB character 
pair with quantitative factors which in their total effect pro- 
duced more heads per plant. 

The results obtained in this study of the cross between 
Hordetim distichon and H, vulgare are similar to those obtained 
by Powers (11) for the V,v and Br, br factors pairs. Powers 
found that Bb plants yielded more than either of the two ho- 
mozygotes. In the present study there was no such evidence 
of heterosis in the B vs. b pair. Perhaps this latter result 
would lead to the conclusion that the B vs. b factors themselves 
w^ere not the cause of the greater vigor observed by Powers. 

In the present study manifestations of heterosis were found 
for weight per seed in the heterozygotes, Br br and Fc fc, when 
compared with their respective homozygous types. Similarly 
these results may not have been caused by the factors them- 
selves since Powers did not obtain this. Since there is no ma- 
nifestation of heterosis for yield or the other components, this 
one effect does not appear very conclusive. The brachytic 
(br br) and chlorina (fc fc) character mutations may be clas- 
sified as physiological defectives according to East's (3) ter- 
minology. The brachytic and chlorina genes produce weak 
plants, but are not lethal. Gustafsson (4) presents a hypo- 
thesis according to which mutations in plants, many of which 
are lethal in homozygous condition, increase vigor when they 
occur in a single dose. Isogenic stocks would furnish better 
material for the study of the effects of the qualitative genes 
themselves, although even then closely-linked quantitative fac- 
tors may still be present to affect the results. 
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In the study of quantitative inheritance there are possibili- 
ties of errors due to metrical bias. This bias is due to the 
inherent relation between the scale of measurements and the 
phenotypic expression. This may or may not have genetical 
significance and can be removed by an appropriate transforma- 
tion of scales (9), but by so doing information on certain of 
the interactions is sacrificed. 

Since in the present study the aim was to study the effects 
of the different genes and their interactions no transformation 
of scales to account for metrical bias was made. 

Summary 

1. Certain statistical methods that have been used for stu- 
dies of quantitative inheritance are presented together with 
illustrations of their application. 

2. The effect of the substitution of the first dominant, sec- 
ond dominant and the effect of both were calculated as the 
following differences between genotypes : Aa-aa, AA-Aa and 
AA-aa respectively, the latter being the algebraic sum of the 
other two. 

3. Significant associations between certain qualitative and 
quantitative characters were found. Of the significant effects, 
there were several in which the first dominant produced the full 
effect, several in which the second produced the full effect, 
while in a few each produced an effect. 

4. The vv (6-row) genotype was higher in yield than VV 
(2-row) while kk (awned) was higher in yield than either Kk 
or KK (hooded) . Higher number of seeds per head and lower 
weight per seed were found in vv than in either Vv or VV. 
The kk genotype had a higher weight per seed than KK and 
a higher number, of seeds per head than either Kk or KK. 

5. For the most part, the above associations are explain- 
able as expected from the known morphological or physiological 
effects caused by the factor pairs. 

6. The Br and Fc factors were associated with higher yields 
and were higher in all components than the homozygous reces- 
sives. : . 

7. The N -us. n gene pair showed no differential effects, in- 
dicating that a high-yielding naked barley is a definite pos- 
sibility. 
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8. When the effects of a given gene pair are fionsidered in 
the different non-allelic genotypes it was found that the Y vs. 
V :aiid K vs. k as a general rule were very consistent in their 
'effects in all genotypes. 

9. For the other gene pairs, certain genotypes showed spe- 
cific interactions with certain non-allelic genotypes. For ex- 
ample, the addition of the second N decreased the weight per 
seed in the W while it increased it in the Vv genotype. Also 
the effect of N on yield was an increase in KK plants and a 
. decrease in kk plants. 

10. The nature of these interactions was such as to permit 
no general conclusions. While several of them may have been 
due to chance, it seems clear from the number obtained that 
such specific interactions are a part of the general picture as 
to the action of quantitative factors. 

11. An unexpected linkage was found between K and N of 
46.1 ±: 1.71, A cytological study was not made to determine 
the cause of this unexpected result although a translocation is 
suspected. 
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- STUDIES ON VIRUS DISEASES OP PAPAYA 
(CARICA PAPAYA) IN PUERTO RICO " 

I. Transmission of Papaya Mosaic 
By Jose Adsuar- 

INTRODTTGTION 

A survey of the available literature (1-14) demonstrates the 
presence of a serious mosaic disease of papayas (Carica pa- 
paya) widely spread throughout different regions of the world. 
In spite of this fact, surprisingly little is known as to the nature 
of the virus or viruses involved, means of transmission, dis- 
semination, etc. As far as we have been able to determine, only 
four papers (1, 2, 6, 8) deal at any length with the problem 
and in only one of them (8) is there a serious claim as to the 
successful transmission of the disease. 

In Puerto Rico, a disease of papaya known under the name 
oi hunchy top was first reported in 1931 by Cook (3, 4) but it 
was not until 1937 that its epidemic proportions were noticed 
at the Isabela Substation, during the course of extensive trials 
conducted with the purpose of studying the possibilities of large 
scale commercial plantings. So severe was the attack by the 
following year, that the Station authorities declared the disease 
to be the limiting factor in the successful commercial develop- 
ment of this promising crop in the Island. 

Almost simultaneously with the outbreak at Isabela, Jen- 
sen (6), working at the Federal Experiment Station at Maya- 
giiez, undertook a study of the disease. He was not able to 
transmit it either mechanically or by grafting, but obtained 
evidence through field experiment that it was probably insect 
transmitted. As to the insects concerned, he did some prelimi- 
nary experiments but without definite results. 

For the past two years we have been engaged in the rein- 
vestigation of papaya mosaic in Puerto Rico. ' As a result, three: 
: severe diseases, presumed to be caused by viral infection, have 
been identified among the papayas of the Island. ■ The common- 

of these is typical bunchy top disease, involving stunting; 

^ PuWislied (June 1946) as Technical Paper No. 1 of the Agricultural Experiment 
Station, Hio Piedras, P. .11. ; . 

2 Plant Pathologist, Agricultural Experiment Station, University , of Puerto Rioo. 

'248 , 




mosaic is characterized by mottling and extreme distortion of 
leaves, and also by the presence of green and brown rings on 
the fruits. It is still a question whether this mottling disease 
is closely related to typical bunchy-top and die-back, but the three 
conditions have some features in common. All three types of 
diseases are characterized by a marked reduction of top growth 
and especially by the sudden appearance of green streaks on 
the stem and young petioles. Bunchy-top and die-back are almost 
always characterized by failure of latex flow on wounding af- 
fected tissues, whether of leaf, fruit or stem; but this pheno- 
menon is much less common in the mosaic type of disease. Our 
efforts to transmit either bunchy-top ■ or die-back by mechanical 
means have so far proved fruitless, but we have been more suc- 
cessful in handling the mosaic type. 
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failure of latex flow on wounding ; slow growth of short, stiff, 
nearly horizontal petioles ; supporting small, thick, chlorotic 
k.aves.^ A kss common type of disease sometimes called die-hack 
is distinguished by a severe chlorosis and defoliation from just 
below the growing point, progressing downward, and usually 
follov^ed by necrosis of the tip of the stem or of the whole plant. 
In a small area of the Island including Guanica and Ponce, a 
t3’'pical yyiosaic disease seemed to replace the other tvnes. This 


FIG-. 1— -Left to right, leaves from diseased plants, showing deformation 
of leaf lamina. Extreme right, healthy leaf. 
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This paper deals with the transmission of papaya mosaic, 
resembling the so called papaya mosaic type “B”, reported by 
i\cuna and De Zayas (1) from Cuba. 



FIG. 2, — Left, diseased plant showing stuntiness and leaf 
deformation. Markers show filiform deformity of 
lamina. Eight, healthy control. 


Materials and Methods 


The virus material used in the different experiments came 
originally from a diseased papaya plant grafted with tissue 
from, a mosaic infected plant brought to the laboratories from, 
the Ponce-Guanica region. 

; All transmission ^experiments were conducted on ■ healthy 
papaya plants grown in 6 inch pots in the greeiihouse, ranging" 
from I V 2 to 3 months of age. Plants were taken to the labora-' 
tory and inoculated, using the pin-puncture method of Sein’s 
(9), rubbing with' carborundum, and grafting. In the pin-punc- 
■ture technic, pieces of leaves, from infected- plants showing 
■. early- symptoms of the disease, '■ were wrapped , as closely , as pos- 
-sible to the growing point and also about the middle of the 
stem, - and punctured repeatedly 1 to .15, .tim,e:s with an insect 



TRANSMISSION OF PAPAYA MOSAIC 


251 


needle. When the abrasive was used, an infected leaf was ma- 
cerated in a mortar with a little sterile sand and water, the 
extracted juices were strained through cloth and the filtered 



FIG. 3— Two plants showing atrophy of growth and leaf deformation. 


juice applied with a cotton swab impregnated in the liquid, over 
one or two of the youngest leaves previously powdered with a 
little carborundum. Leaves were held in position with a clean 
wooden label. 

In grafting, slips made with a razor blade from stems of 
infected plants showing oil streaks, were inserted into slits in 
the stem of the healthy stock, or slices from the cortical lay- 
ers of healthy stem were taken and the infected slips firmly' 
attached to it. In both cases, the grafts were covered with a 
piece of moist cotton and lightly tied with strings. The cottoni 
was kept moist during the first few days by spraying with 
water from an atomizer. 

All inoculated plants were kept in the laboratory from 4 to 
5 days, ' then replanted into 10 inch, pots and taken to a wire 
screen shelter for further obsexwations. Temperature inside 
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the shelter during the course of the experiment ranged from 74 
to 90"r. 

Controls were treated in the same manner, using materials 
from healthy plants for tlio d‘iTc?re“t cycraticu''. 



FIGr. i — Oily spots on stem of diseased plants. 

Transmission 


■.By .pin p'lmetures: . Papaya mosaic was readily transmis- 
sible from diseased to healthy papayas by the use of a needle 
as described above. ' Eleven out of twenty-nine trees were in- 
fected by using this technic. 

It was observed that, in general, the chances for a success- 
ful transmission were better if the ■ leaves . used as a source of 
inoculum were taken from the infected plant during the first: 
two or three days after inception of the disease. , Extracts' made 
from leaves just beginning to- show symptoms yielded a very 
Infectious liquid: 
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By the use of carborundum: Transmission means of an 
abrasive (carborundum) was also readily accomplished. We 
have found this method to be a much easier and more effective 
way of transmitting* the disease than pin puncture. Positive 
results were obtained in twenty three out of twenty eight in- 
oculations. 

By grafting: Pieces of stem tissues from infected plants 
grafted, on healthy plants, in the manner described under Me- 
thods, transmitted the disease. 

' Symptoms 

.Plants; inoculated either’ by pin ■ puncture , or carborundum 
developed symptoms in 8 to 15 days after, inoculation..' . Grafted 
plants took from two to three weeks before showing' any evi- 
dence of the disease. 


F-G. 5 — FiUlt tc.kan fjom a UisDasca trc 3 . XTotice 
sharp rings on the surface of the fruit. 
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Inoculated and grafted plants exhibited at first a slight 
chlorosis of top leaves, followed by mottling, wrinkling and 
puckering. A light yellowing of the veins was also noticeable 
at this stage. As the disease progressed there was a marked 
deformation (figs. 1-2-3) and reduction of the leaf lamina, which 
in the majority of cases acquired a filiform structure. Leaves 
fully formed before onset of the disease remained normal. 

A few days after the appearance of the initial symptoms, 
more or less elongated streaks, dark green in color (fig. 4), be- 
gan to form about the middle of the stem, progressing upward 
and finally covering the whole length of the shoot. In only a 
few plants were we able to notice the occurrence of the streaks 
simultaneously with the appearance of primary symptoms. 
Concomitant with all these manifestations there was a gradual 
inhibition of the apical growth ultimately leaving the plant 
badly stunted (figs. 2 and 3), with a few small short petioles and 
distorted leaves on top. Two other distinguishing features of 
this disease were the flow of latex on wounding any part of 
the plant and the presence of green and dark-brown rings on 
the fruits (fig. 5). 

The symptoms described above are generally present in 
field-affected plants, but the distortion of the leaves and 
atrophy of growth are not as severe as under laboratory con- 
ditions. Whether this is due to the influence of the environ- 
ment on the expression of the disease, the age of the plant when 
inoculated, or other factors, we cannot sa}^ at present. 

Discussion 

Proper consideration of the published works on the so- 
called- 'Tapaya Mosaic” diseases show that, although all of 
them present certain symptoms in common with the mosaic 
described in this paper, they, nevertheless, vary in certain other 
I'espects. 

The diseases described from Trinidad - (2), Hawaii (8), 
Cuba (Mosaic type ''A”) (1) and Puerto Rico (6), share with 
cur mosaic the presence of oily spots on the stem and petioles ; 
and the .marked stunting of growth with reduction in the size 
of ' the leaves, internodes and petioles, ' They differ, however, 
m not showing the characteristic mottling and ■ extreme distor- 
■tion of the leaf lamina, which is - a prominent feature of our 
disease. The Trinidad mosaic is further differentiated by the 
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fact that, according to Baker, it is characterized by “a rapid 
die-back starting from the crown a few weeks after infection.” 
On the other hand, the Trinidad, Hawaii, Puerto Rico and Cuba 
diseases present some symptoms in common, but the first is 
again differentiated from the last three by the rapid die-back 
■of the crown. 

There is, however, another disease reported from Cuba as 
mosaic of papaya (type “B”) (1), which insofar as can be 
judged from its description, seems to be related, if not identical, 
with the mosaic under consideration. It is pertinent to state 
that in our opinion, the mosaic (type “B”) from Cuba closely 
fits into the description we have just given of our own mosaic. 
Added weight for this assumption is supplied by a photograph 
of a distorted leaf, included in the paper just mentioned, which 
is indistinguishable from our own material. Unfortunately, the 
Cuban investigators were unable to transmit the disease me- 
chanically, so that definite comparisons of both diseases under 
controlled laboratory conditions are still wanting. 

Summary 

A mosaic disease of papaya is reported; characterized by 
stunting, with accompanying reduction in size of internodes, 
leaves and petioles, oily spots on stem and petioles, marked 
mottling and distortion of leaves, uninterrupted latex flow, and 
dark-green to brown rings on fruits. 

The disease is transmitted by pin puncture, rubbing with 
carborundum and stem grafting. 

The similarities and differences in symptomatology between 
this disease and others of similar nature reported from other 
parts of the world, are presented. 

The disease is, however, believed to be closely related to, if 
not identical with, the mosaic type “B” from Cuba. 

Resumen 

Se ha hecho relacion de una enfermedad denominada “mo- 
saico” de la papaya, la cual se caracteriza por un detenimiento 
en el desarrollo de la planta, acompanado de reduccion en el ta- 
mano de los internodios, hojas y peciolos; manchas oleaginosas 
en los tallos y peciolos; marcado moteado y torcimiento de las 
hojas; interrupcion del flujo del latex y circulos verdinegros 
o color castano en las frutas. 
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La, enfermedad se transmite 'mediante punturas con agiijas, 
frotaciones con carborinido e injertos en los taiios. 

Se liaii dado a conocer 'las ' similitudes y diferencias eii la 
siiitomatolog-ia eiitre esta eiifermedad y otras de iiaturaleza pa- 
recida, sobre las cuales se han recibido informes de otros sitios 
del muiido. 

La eiifermedad esta^ por lo tanto, de acuerdo con el criterio^ 
del autor, inti mam ente relacionada con el ''mosaico’' tipo “B'" 
procedeiite de Cuba. 
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STUDIES ON VIRUS DISEASES OP PAPAYA 
(CARIGA PAPAYA) IN PUERTO RICO 

II. Transmission of Papaya Mosaic by Green Citrus ApMdj 
(ApMs spiraecola Patch) 

By Jose Adsuar - 

As described in a recent paper (Adsuar 1945) a mosaic of 
papaya has been found attacking this crop in the southern coast 
of Puerto Rico. Although the disease has been transmitted 
both mechanically and by grafting, it was not uiitil very i-e- 
cently that we have also successfully accomplished its transmis- 
sion by means of the green citrus aphid, (Aphis spiraecola 
Patch). 

This aphid, a major pest of citrus trees, in which it causes 
the well known “rosetting” of the leaves, seems to migrate to 
papayas during certain seasons of the year, at least under our 
tropical conditions. Originally described from material col- 
lected on spiraea, in Maine, it was first found in Puerto Rico on 
grapefruit in 1926. It was the fortunate coincidence of noting 
its presence on papayas during a routine inspection of our ex- 
perimental plots, later confirmed for different sections of the 
island, including the southern coast, which led us to test its 
vector potentialities. This paper reports the experimental 
transmission of papaya mosaic by the green citrus aphid (A. 
spiraecola Patch) . 

Transmission Studies 

Aphids, both nymphs or winged forms, were used in the 
different experiments. They were fed for periods varying from 
8 min. to 1 hour on mottled leaves from papaya plants showing 
early symptoms of the disease and then transferred by means 
of a camel’s hair brush to healthy plants about 3 months old 
caged in cellulose tube casings (Fig. 1) . The number of aphids 
used for each transmission experiment varied from 6 to 10, but 
was never less than 6. 

Controls were prepared by transferring aphids, handled in 
the same way, directly from citrus to healthy papaya plants. 

^Published (June 1946) as Technical Paper So. 2 of the Agricultural Experiment 

iStatiori, Rio Piedras,. P. R. ', « ■ . ■ -tt • -.u it- t> ' * td.* 

.Pathologist, Agricultural Bxperi:r-eu.t Station, University .of Puerto 
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' Aphids collected from 'experimental plants showing- defin- 
ite symptoms of the disease were sent to Dr, P. W. Mason 
at Washington j who identified them as A. spiraeroZa Patch. 

Results 

Positive transmissions w^ere obtained in 15 out of 33 plants 
subjected to the action of A. spiraecola Patch fed on diseased- 
papaya leaves for periods of time varying from 8 min. to 1 hour.. 
Both nymphs and winged adults transmitted the disease with 
equal ease. All controls remained healthy. 

The evidence seems to indicate that the aphids are avir- 
ulent while on the citrus leaves and that if they are instru- 
mental in the propagation of the disease in the field, they must 
acquire the virus later during their migration. Further work 
is still needed to elucidate, among other things, whether A. 
spiraecola Patch is the only vector involved, when and where 
it become infectious, modes and seasons of migration to papaya 
plantations, retention of virus by the insect, etc. 

Resultados 

Se ha verificado la transmision del mosaico o moteado de 
la papaya en Puerto Rico, a traves del afido conocido por pul- 
gon citrico verde, A. spiraecola Patch. 

Este afido es el causante de la enfermedad denominada 
^'encaracolado’’ de las hojas de los citricos. 

Se obtuvieron transmisiones positivas en 15 de 33 plantas 
sometidas a la accion del afido A. spiraecola Patch que se ali- 
mento en hojas de papayos enfermos durante periodos de tiempo 
que variaron de 8 minutos a una hora. Tanto las ninfas como 
los adultos alados transmitieron la enfermedad con igual faci- 
lidad. Todos los testigos sometidos a la accion de los afidos ali- 
mentados en hojas sanas permanecieron libres de la enfermedad. 

La evideneia parece indicar que los afidos adquieren el virus 
durante el proceso de emigracion hacia los papayos, Se hace 
necesario todavia continuar los experimentos para dejar clara- 
mente sentado, entre otras cosas, si el afido A. spiraecola Patch 
es el unico vector envuelto en la transmision de la enfermedad, 
cuando y donde llega a ser infeccioso, el mode y la epoca de 
emigracion a las plantaciones de papayos, la retencion del virus 
por el insecto, etc. . 
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FIGr. 1. — Papaya plant illustrating cellulose tube 
used in the experiments. 


STUDIES BM ¥IS¥S DISEASES OF PAPAYA 
( CASIO A PAPAYA) IM PUERTO RICO 

III. Property Studies of Papaya Mosaic ¥ims 

By Jose Adsuar' 


During the lust two 3oear3 a couple of virus diseases (Ad- 
siia.Fj ,1. 2) Jiace been found attacking papaya Carica -papaya 
in Puerto DiCc. One of tliem, tlie so'. called top'' di- 

sease, is of general occurrence tlirougli the island and resembles 
in general appearance tlie papa^ea viroses reported fi^om Tri- 
nidad, Cuba and Santo' Domingo. ''Bunchy top'' is extremely 
difficult, if not impossible/ to transmit either mechanically or 
by grafting, and it has. been only recentbr we have been 
able to obtain ' evidence of its transmission by means of a leaf- 
hopper vector (B). The other disease, a typical mosctie, dif- 
fers from '‘bunchy top'' not onhr symptomatologicaily, but also 
in the fact that it is easily transmissible by mechanical means 
as well as by grafting. Its insect vector is an aphid (2). 

Due' to its stability in vitro and to the ease of mechanical 
transmission, experiments were undertaken to determine the 
physical properties, filterability, etc., of the papajm mosaic 
virus. 

Materials and Methods • 

The virus was obtained from artificially infected papaya 
plants kept inside wire-screened shelters. The plants were in- 
oculated with the aid of carborundum f ollowing the method de- 
scribed by Adsiiar"' (1) . All experiments were conducted in sets, 
of four plants 'each. V After treatment the plants were trans- 
planted into 12 inch pots and transferred to the shelters. The 
aphids' used in the retention experiment were taken from, pa- 
; paya trees, starved, and then fed on. infected leaves, for the re- 
' quired periods of time, inside Petri dishes. After feeding was 
completed, they were removed and placed on healthy plants for 
the retention studies. , 

^ riant Pat'JiologiPt, .Ag-rictiltura-l Experiment Station, UnjveTsily of Puerto Rico., 

2m ' . 
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Experimental Studies on the Papaya Mosaic Virus 
Resistance to Heat: 

Leaves from recent cases of mosaic were pounded in a mor- 
tar with sterile sand and 1 cc. of distilled water gradually ad- 
ded. The juice was expressed through heavy muslin, and about 
2 cc. of juice obtained. To these more water was added, mak- 
ing a final dilution of approximately 1:12. Samples were then 
heated in corked tubes holding about 11^4 cc. each, to tempera- 
tures of 50°C, 55°C and 60°C for 3, 10 and 30 minutes periods 
at each temperature. (Table I). 

Table No. l 


THERMAL INACTIVATION OF PAPAYA MOSAIC 


Temperature ®C 

Minutes 

heated 

Number of 
Plants Inoc 

Infected 

5D 

3 

4 

4 

50 

10 

4 

4 

50 

30 

4 

1 

55 

3 

4 

4 

55 

10 

4 

1 

55 

30 

4 

0 

60 

3 

4 

0 

60 

10 

4 

0 

60. 

30 

4 

0 


The results indicated that papaya mosaic virus has a thermal 
inactivation range betv^een 55°C to 60°C for 10 min. Expo- 
sures to 55 °C for 10 min. show a decrease of infectivity, with 
complete inactivation at 60*^0 for the same period of time. 

Tolerance to Dilution: 

Infected leaves showing early symptoms were crushed in a 
mortar with a little sterile sand and distilled water, the pulp 
squeezed through muslin, and the resulting green fluid diluted as- 
follows: 1:4; 1:16; 1:64; 1 :256 and 1 :1024. 

The virus remained infective up to and * including 1:256. 
No infections were obtained with the 1:1024 dilution. 

Longevity iff vitro at room temperature: 

Samples obtained as above and -diluted approximately 1 : 12 
were stored at - laboratory temperature - {29°C) and , tested at, 
24,-: 48 and 72 ' hrs. No fermentation or' putrefaction was noted. 
Chlorophyll settled leaving a, clear fluid above. Part- of -the same 
Juice was' put in the refrigerator at 10 and tested at dif- 
ferent intervals of time. 
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The results indicated that the virus is completely inactivated 
in 48 hrs. at room temperature. At refrigerator temperature, 
the virus was still active at the end of 15 days. 

Filterability : 

Leaves of plants showing the disease were ground with ap- 
proximately three times their weight of distilled water. Juice 
was extracted through muslin and centrifuged for 15 minutes 
in a clinical centrifuge. To the supernatant fluid was added 
1/4 cc. of a 19 hr. culture of Sarcina lutea in broth (Difco). 
The mixture was then filtered through a Seitz disc No. 5114- 
CIO. . 

The filtrate proved to be free from bacteria as determined 
by inoculation in sterile nutrient broth and on nutrient agar 
slants. The virus passed the filter, but apparently did so with 
much difficulty. Of our plants inoculated, only one came down 
with symptoms. Controls inoculated with the unfiltered mix- 
ture all showed the disease. 

Inactivation by Drying: 

Recently affected young leaves (showing vein clearing and 
chlorotic spotting) from previously inoculated plants were 
picked, tied together and suspended in a shady but breezy part 
of the laboratory for drying. Some of the leaves were macer- 
ated immediately after collection with the addition of 2 cc. of 
water and the juice tested for infectivity. The rest of the 
leaves were allowed to dry for 48 hours and 72 hours periods. 
Samples extracted as explained above were obtained at the re- 
quired time and inoculated on healthy plants. Plants inoculated 
with juice from leaves extracted immediately after picking all 
came down with the disease. None- of the plants inoculated 
with juice- extracted from leaves air dried from 48 to 72 hours 
heeame infected. 

Retention of Virzis by Aphids: 

Winged adults of Aphis spiraecola Patch were collected and. 
starved for about 1 hour, transfered to infected leaves, and al- 
lowed to' feed for 15 'minutes.' Aphis in lots of five were then 
taken to : individual papaya seedling and allowed to feed for- 3 
hours. After that interval they were removed to new seedlings. 
Table 2 shows the result of the experiment. 
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Table No. 2 

RETENTION OF PAPAYA MOSAIC BY Aphis Spikaecola PATCH 


Lot 

Number 

xA.phids 

Used 

Plants 

inoculated 

during 

3 hrs. period 

Plants 

infected 

during 

3 hrs. period 

Plants 

inoculated 

after 

3 hrs. period 

Plants 

infected 

after 

3 hrs. period 

1 

5 

1 

1 

1 

0 

2 

5 

1 

1 

1 

0 

3 

5 

1 

1 

1 

0 

4 

5 

1 

0 

1 

0 


The results demonstrated that the aphids failed to retain the 
virus for more than 3 hours. 


Summary 

The physical properties of papaya mosaic virus are reported. 
The virus is inactivated by a 10-minute exposure at 60°C. No 
infection was obtained when juice was diluted up to 1:1000. 
The virus was completely inactivated in 48 hours at room tem- 
perature. Filterability was accomplished but with difficulty 
through a Seitz germicide filter. The virus was found to lose 
its infectivity in the leaves when air dried for 48 hours. 

Aphis spiraecola Patch retained the virus the first 3 hours 
but failed to infect a second lot of plants after that time. 

Eesumen 

Se ha informado sobre las propiedades fisicas del virus del 
mosaico de la papaya. El virus queda inactive, mediante una 
exposicion a 60 °C durante 10 minutos. No se obtuvo infec- 
cion alguna cuando el jugo fue diluido hasta 1:1000. El virus 
queda competamente inactive en el termino de 48 horas a la 
temperatura del laboratorio. Se efectuo con dificultad la fil- 
tracion a traves de un filtro tipo Seitz No. 5114-ClO. Se des- 
cubrio que el virus perdio su infectividad en las hojas expues- 
tas al aire durante 48 horas. 

El afidido A. spiraecola Patch retuvo el virus durante las 
primeras tres horas ; pero, despues de ese tiempo, no logro in- 
f ectar un segundo numero de plantas. 
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aoMPAEATIVE PERFORMANCE OF THE NATIVE PUERTO 
RICAN FOWL, THE WHITE LEGHORN, THE NEW HAMP- 
SHIRE, AND GROSSES BETWEEN THEM 

A. Gonzalez Chapel ^ 

INTRODUCTION 

The problem of Puerto Rico is mainly an increasing popula- 
tion without a corresponding increase in production. The po- 
pulation of the Island in 1940 was around 2,000,000 inhabitants 
The Island has an area of about 3,435 square miles and there 
were approximately 605 inhabitants per square mile of territory. 
During 1946 there was a rate of natural increase of 29.6 per 
1,000 population, which is one of the highest birth rates of any 
country in the world. Thus, the population in the Island is 
increasing at a rate of approximately 60,000 people every year. 

The people of the Island are largely dependent, directly or 
indirectly, upon importations from the United States for their 
foods from animal sources. The importations of livestock pro- 
ducts and livestock feeds were near $50,000,000 during the fiscal 
year 1947-48. The following table shows the yearly per capita 
supply in Puerto Rico in 1939-40 of the main foods containing 
animal protein as compared with an adequate diet at minimum 
cost as given by the Bureau of Home Economics of the United 
States Department of Agriculture (1933). In addition, the per 
cent of the supply that was imported during that year is also 
given. 


Item 

Annual 
per capita 
supply 
in P. R. 

Per Cent 
imported 

Amounts 
for one 
person in 
adequate 
diet at' 
minimum 
cost ■ 

] 

Presh milk. 

54 qts^ 

53 lbs. 

4 doz. 

■0 i 

: 56 

13 

260 Qts., 

60 lbs, 

15 doz. 

Meat, poultry and fish 

Eggs 



There are potentialities for considerable expansion of the 
livestock industry in the Island. 

^ Associate Animal Husbandman. 
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Poultry products are one of the chief foods in Puerto Rico. 
In 1935, the farm value of poultry products (meats and eggs) 
ranked sixth in importance among the various sources of in- 
come on farms in Puerto Rico. This value was distributed al- 
most equally between meat and eggs. There is reason to believe 
that no essential change in the situation has occurred. 

According to the census of 1940, the poultry population of 
the Island was 1,751,292. 

During the fiscal year 1945-46, shipment of poultry and 
poultry products from the United States amounted to $1,362,010. 
These shipments were distributed as follows: 


Item 

Amount 

Value 

Poultry, live 

201*087 

5,453 lbs. 
737,851 lbs. 

1, 589, 942 doz, 
17,068 lbs, 
379, 583 lbs. 

$256, 632 
5,462 
291, 420 
671, 189 
4,973 
132, 334 

$1, 362, 010 


Poultry and game fresh, not canned 

Eggs, in the shell 

Egg albumen, frozen, dried or otherwise preserved 

Other egg products dried, frozen or otherwise preserved 


Data on milk, not fresh, were not available. 

During the fiscal year 1947-48 the value of these shipments 
was probably close to $3,000,000. 

If the productive capacity of the poultry were increased, 
Puerto Rico could not only be made more self-sufficient in re- 
gard to the present demands for poultry products, but also the 
nutrition of the people could be improved by increasing the con- 
sumption of the foods supplying animal proteins. The diets of 
Puerto Ricans are, as a rule, woefully lacking in such foods. 

The Problem 

The apparent obstacles to the expansion of the poultry in- 
dustry in Puerto Rico are the assumed poor productivity of the 
native breed, the high cost of the feed, the poor management 
practices, and parasites and diseases. 

The development of a well adapted breed with better pro- 
ductivity than the native would be a first step toward the de- 
velopment of the poultry industry and an important contribu- 
tion to the Island's economy. 

The native fowl is the product of interbreeding different 
breeds and strains, without uniformity in feather color, light in 
weight, and supposedly with low productive capaeity and much 
resistance to diseases. It has also been assumed that the native 
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fowl is adapted to the Island's environment and to the living 
conditions of the small farmers. No systematic study has been 
made in the past of the bird's productive capacity. 

The native birds, receiving very little care and attention 
from the farmers, constitute an almost free source of income in 
the small farms of the Island. It is logical to suppose, however, 
that during the many generations of their existence in Puerto 
Rico, natural selection and some unconscious human selection 
could have favored development of adaptability to the general 
conditions in Puerto Rico. 

A few flocks of imported breeds are kept by some farmers 
in the Island, but they are kept under conditions beyond the 
means of the average Puerto Rican farmer. Scant or no in- 
formation about the productivity of most of these flocks is avail- 
able. In the past it has been assumed that the imported breeds 
in Puerto Rico have laid well and developed to good size, but 
that they were very susceptible to disease and unadapted to the 
environment on farms. 

Rhoad (1941, p. 512) stated, 

Farm animals are kept for the most part in an environment 
that it is in many ways artificial, man created. Much of the suc- 
cess of the livestock industry depends upon our ability to furnish 
a favorable environment in which livestock can develop and pro- 
duce to the limit of their inherent capacities. To the extent that 
this cannot be done economically, it is necessary to select and 
modify breeds to fit the natural environment, of which climate 
is a major part. 

A study of the productive capacity of the native f owl in com- 
parison with that of standard breeds reared under similar con- 
ditions and studies of an exploratory nature on the possibilities 
of crosses between the native and standard breeds seem logically 
the first step to follow. 

Thus, the obj ectives of this study were to find out any prae- 
tical differences between the native fowl and the standard breeds 
in Puerto Rico in respect to their productive capacity; if dif- 
ferences were apparent, to determine which breeds were the 
best in the different characters considered; and to determine 
the performance of crosses of the native with the standard 
breeds. 

Review of Literature 

The average temperature in Puerto Rico is somewhat loiver 
and more uniform than in other places in the tropics located at 
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the same latitude. The mean annual temperature for the Is- 
land is around 76°, varying in different places according to the 
elevation and topography. 

In the tropics, unlike in temperate climates, the average 
monthly temperature is subject to small variation during the 
year, but marked differences in temperature occur within the 
day period. The highest temperature occurs generally around 
noon and the lowest in the early morning. 

The average minimum annual temperature for the Island 
is 66.9° and the average maximum annual temperature is 86°. 
At Aibonito, where the livestock production farm of the Agri- 
cultural Experiment Station is located, the lowest temperature 
recorded is 40° and the highest 92° (Harris, 1947). 

Records of rainfall in Puerto Rico (Thorp, 1941) indicate 
an average maximum annual precipitation of 136 inches and a 
minimum of 27 inches. Because of the high mean temperatures, 
the effectiveness of the rainfall is considerably less than it would 
be in cooler climates, and it is further reduced below that of 
many cooler regions because of the almost constant air move- 
ment. 

Humidity is nearly always high. In some parts of the Is- 
land it is over 75 per cent most of the time. 

The effect of climate and the external environment upon 
humans and animals have been studied extensively in the last 
few years. Lush (1945) pointed out that this interest arises 
mainly from tropical and subtropical regions for which none of 
the established breeds of animals seem well suited. 

Observations made on human beings tend to indicate a low- 
ered basal metabolism in the people of the tropics as stated by 
Mukherjee and Gupta (1931) and Sherman (1941) . Hein- 
becker (1928), on the other hand, found that the basal meta- 
bolic rate of 3 Eskimos was 33 per cent greater than standards 
for subjects in the temperate zone. Mason (1^40) found that 
13 out of 21 English and American women who changed their 
lesidence from temperate to tropical climate showed a distinct 
fall of metabolic rate in the tropics, averaging approximately 
10 per cent. In a study of basal metabolism as affected by at- 
mospheric conditions McConnell (1925) concluded that the zone 
of minimum metabolic rate was between 75° and 83° effective 
temperature. Roddis and Cooper (1926) found in 173 naval of- 
ficers in the tropics that blood pressure was reduced 10-15 mm. 
Hg. belo'w textbook standards. 
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On animals the literature is more extensive and shows, as 
in human beings, the definite effect of the external environment 
upon their physiological responses. 

The resistance of animals to cold is much greater than that 
to heat, according to Brody (1940) who also concluded that the 
thermoneutrality zone varies with the season, and the temper- 
ature to which the animal is acclimatized, but the maximum 
temperature is about 85°F. 

Regan and Richardson (1938) found that increasing the 
room temperature caused an increase in respiration rate of dairy 
cattle, a decrease in pulse rate, and after 80°F. a rise in body 
temperature, anorexia and a decline in milk flow. Rhoad (1942) 
tested more than 150 cows, heifers and steers of the Iberia Live- 
stock Experiment Farm, in Jeanerette, Louisiana, for adapt- 
ability to tropical climatic conditions and claimed that as a re- 
sult the variously bred types of cattle in the Jeanerette herds 
can be classified from the most adaptable to the least adaptable 
type. The same author (1936) suggested that the loss of 
energy in dairy cattle as a result of high temperature is in a 
large way responsible for the low production records of Eu- 
ropean dairy cattle in the tropics. Forbes et al. (1926) found 
that the per cent of heat emission as latent heat of water vapor 
increased with an increase in temperature. Manresa and Orig 
(1941) implied that the ability to withstand external heat with- 
out significantly raising the temperature of the body might be 
used as a test for adaptability of different breeds of cattle to 
a given environment. Gaalaas (1947), in a study of Jersey 
cows, found that the heat-tolerance coefficient was a reasonably 
stable individual characteristic at ages of 4 years and above, 
but not at 2 or 3 years of age. Seath (1947) concluded that 
body temperature appears to be a safer measuring stick for 
heat-tolerance than does respiration rate. 

Lee and Robinson (1941) found that the sheep is outstand- 
ing among domestic animals in tolerating hot atmospheres, with- 
standing for 7 hours a temperature of 110°F. with 65 per cent 
humidity. Lee, Robinson and Hines (1941) concluded that the 
tolerance of the rabbit resembles that of the fowl and that sea- 
sonal variations were complex and important. Robinson and 
Lee (1941 a) found that the cat shows fan less reaction to heat 
than the fowl, rabbit or pig. Temperatures of lOS'^F. cannot 
be tolerated if the humidity is above 65 per cent. The same 
authors (1941b) found that the tolerance of the dog to 
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atmospheres is slightly greater than that of the cat. The ef- 
fect of humidity was marked. They also found (1941 c) that 
the tolerance of the pig for hot atmospheres resembles that of 
the fowl and the rabbit. Humidity was important at high tem- 
peratures but not at intermediate temperatures. Unlike the 
fowl and the rabbit, the pig’s reactions to heat was noted to in- 
clude a definite rise in pulse rate. 

Marshal (1937) stated that Southdown ewes and red deer 
transported from the northern hemisphere to Australia, South 
Africa and the Argentine reverse their breeding season in 
about two years to conform with the conditions in the new 
habitat. New Zealand kinds introduced into England make the 
reverse adjustment in the same time. Similar adjustments are 
made by fallow deer, moose, wapiti and chamois introduced into 
New Zealand. Parakeets from Southern and Central Australia 
adjust themselves to English conditions, but those from North- 
ern Australia retain their original breeding season. 

Asmundson and Lloyd (1936) concluded that lower outside 
temperatures, particularly during the first few weeks, appeared 
to result in increased rate of growth of turkeys. Humidity did 
not apparently affected growth although continuous rain re- 
tarded growth. 

Yeates, Lee and Hines (1941) found that a rectal temper- 
ature of 113° F. is the highest the fowl can reach before develop- 
ing beat stroke. White Leghorns can withstand heat better 
than Australorps. Barott and Pringle (1941), in a study of 
metabolic rate of the Rhode Island Red hen, for a temperature 
range of 50° to 95°F., found that a point of flexure occurs at 
78°F. They concluded that this is the temperature of minimum 
metabolism of the hen. The maximum metabolism occurred at 
61 °F., at which temperature there was also a point of flexure. 
The rate of elimination of respiratory water was approximately 
constant between 65° and 75°F. The rate decreased consider- 
bly between 60° and 50°F. The rate at 90°F. was three times 
that at 80° F. This was due to the large amount of air inhaled 
and exhaled for cooling at the high temperature. It was found 
that hens at a given Jemperature would survive at the lower 
humidities but would die when the humidity was increased. 
Bennion and Warren (1933) found that extremely high or low 
temperatures were followed by a decline in protiuction; birds 
were more sensitive to sudden temperature changes. They also 
stated that in comparing egg size of birds from different parts 
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of the United States, the temperature and its effects on egg- size 
should be taken into consideration. They found that the mean 
weekly egg weight when compared with the mean maximum 
weekly temperature showed a sharp decline when the temper- 
ature was above 85 °F. The mean daily egg size of birds placed 
under controlled temperature was reduced from 15 to 20 per 
cent by application of high temperatures. The egg size de- 
clined much more rapidly under high temperature than it in- 
creased when the temperature was lowered. All components of 
the egg decreased under high temperature. The shell and al- 
bumen decreased considerably more than the yolk in proportion 
to their weight, which indicates that the oviduct is more sensi- 
tive than the ovary to high temperatures. Warren (1939) se- 
cured data on egg size from 11 localities in latitudes extending 
from the Equator to as far north as Scotland and concluded 
that excessively low temperatures seemed to have no effect on 
egg size, but after the daily maximum temperatures exceeded 
70 °F. for a period of a few days, egg size fluctuations usually 
showed a close correlation with those of temperature. Lorenz 
and Almquist (1936) found evidence of a decrease in egg weight 
proportional to the increase in temperature between 40° and 
90°. Burrows and Byerly (1938) found that temperatures 
above 90°F. was one of the factors that increased broodiness. 
Hays and Sanborn (1939) found that fertility in Rhode Island 
Red females varied with the temperature. As the temperature 
rose from, on the average, about 16°F. to 46°F. the fertility in- 
creased. However, Lamoreux (1943) found in White Leghorns 
no relationship between outside mean temperature and the pro- 
portions of eggs laid that were infertile. Mean weekly temper- 
atures ranged from 22.9°F. to 50.1 °F. In both of these studies 
the highest temperature tested was 50.1°F. Kempster (1938), 
at Missouri, found that high maximum temperature that pre- 
vails during the summer retards the growth of pullets. 

Warren (1930) found that disturbances that are sufficient 
to cause a decrease in the daily production of a group of White 
Leghorn pullets affect the rhythm of egg production. Bisson- 
nette (1933) pointed out that in other birds sexual cycles are 
directly modifiable by changes in the daily exposure to light. 
French (1940) found that there appeared to be some relation- 
ship between hours of sunlight and egg production but the re- 
lationship to temperature was not so definite. Resananda^ 
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(1924) in a study of the best season for hatching eggs in the 
Philippines using eggs from several imported and Asiatic na- 
tive breeds concluded that humidity and wind velocity had lit- 
tle effect. Wetham (1933). stated that the natural variation 
in daily light period at different latitudes has been used to study 
the effect of light on egg production throughout the world. 
There was a decided apparent correlation between egg produc- 
tion and the hours of daylight but the egg production curve pre- 
cedes that of the light. It appeared that, where the hours of 
daylight are distributed more evenly throughout the year, the 
egg production is more evenly distributed throughout the year. 
Mann (1941) reported that the wet season in Malaya causes 
a decreased fecundity in Rhode Island Reds, increases incidence 
of the molt, and increases mortality. Hutt (1938) reported 
that during six days of heat at Ithaca, New York, when maxi- 
mum temperatures reached 101, 103, and 102°F. on three suc- 
cessive days, the deaths from heat prostration were 1.79 per 
cent in White Leghorns, 5.26 per cent in Rhode Island Reds, 
and 5.16 per cent in Barred Rocks. He concluded that the gen- 
etic constitution of the White Leghorn appears to give that 
breed more control over its thermo-regulatory processes than is 
available to the other breeds compared with it.. 

The evidence on effect of high temperature and especially 
high humidity as reported in humans, cattle, other animals and 
poultry indicates that the physiological response of animals and 
poultry to tropical and subtropical climates is different to that 
of temperate and cold climates. 

It is probable that different standard breeds of poultry may 
react differently in adaptability to the climate and general en- 
vironment of Puerto Rico. Many workers have found definite 
differences between breeds in response to certain stimuli under 
certain specific conditions. Taylor and Martin (1928) con- 
cluded that their Barred Rocks strain laid eggs with a signifi- 
cantly lower per cent of shell than a strain of White Leghorns, 
Morgan (1932) found that the Barred Plymouth Rock eggs re- 
quire less weight to crush the shells than the White Leghorns. 
Hyre and Hall (1932) stated that hatching power seems to be 
more constant in the Single Comb White Leghorns studied than 
in the heavy breeds. " Harris and Boughton (1928) found that 
the Rhode Island Red breed shows a somewhat higher death rate 
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than the White Leghorn breed although that conclusion was 
questioned by Dudley, (1928). Lambert (1935) stated that 
heritable differences in resistance to infectious diseases exist and 
that non-infectious diseases are largely, in most cases, a gen- 
etic problem. Longevity and strong constitution were consi- 
dered as inborn traits of certain families and strains. Roberts 
and Card (1926) concluded that it may be possible to establish 
a strain of fowls that would be highly resistant to infection with 
S. puUora. Serfontine and Payne, cited by Jull (1946), ob- 
served that White Leghorns were more resistant than heavier 
breeds to Perosis or slipped tendons. Pappenheimer, Dunn and 
Cone, cited by Jull (1946), stated that their observations indi- 
cated a very significant breed or variety difference in suscepti- 
bility to paralysis. Lamoreux and Hutt (1939) found that 
ability of White Leghorn chicks to survive on a diet deficient, 
or lacking, in vitamin Bi was greater than that of the Rhode 
Island Reds. Hutt (1935) demonstrated a breed difference be- 
tween White Leghorns and Rhode Island Reds in the rate at 
which body temperature rises during the first nine days after 
hatching. 

Crossing breeds for the purpose of developing better breeds 
for tropical climates is being done with cattle and other animals 
in different parts of the world. Bray (1932) found that a 
Brahman cross on native and grade beef cattle in southern Loui- 
siana was valuable because it withstands heat and is less af- 
fected by flies, mosquitoes and external and internal parasites. 
Also this cross was observed to make good gains on grass alone. 
Rhoad (1938), in a study of the response of pure-bred Bos tau- 
nts and Bos indicus cattle and their crossbred types to certain 
conditions of the environment, found that high atmospheric tem- 
peratures and humidity influence, in unlike manner, the respira- 
tion rate and body temperature of typical Bos taurus and Bos 
indicus cattle. The same author (1940) determined that the 
purebred and three-quarter bred Aberdeen Angus are not phy- 
siologically adapted to the high temperature and intense solar 
radiations characteristic of tropical climates. On the other 
hand, he stated that the efficiency with which the purebred and 
half-bred Brahman regulates body temperature in the same en- 
vironment is evidence that tropical climatic conditions are within 
the range of neutrality for these cattle. This indicates, there- 
fore, that these cattle are physiologically adapted to a tropical 
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environiiient. According: to Rhoad, the differences in the phy- 
siolog-ical responses of these cattle to tropical climatic conditions 
are genetic in origin. Rhoad (1935, p. 214) stated: 

The general conclusion reached in all parts of the tropical world, 
however, is that the permanent solution of the farm dairy prob- 
lem is not devising new ways of managing the old established 
breeds, but rather the development of new breeds using the na- 
tive type as foundation stock. 

The same author (1941, p. 512) stated that there are dis- 
tinct differences between species and breeds in their ability to 
withstand climatic conditions. He said, 

It has been clearly demonstrated in recent years, that the lack 
of adaptability of certain types of animals to tropical climatic 
conditions, as evidenced by discomfort, low production, and fre- 
quently degeneration in type, can best be overcome by breeding. 

Crossbreeding of Brahman with standard beef breeds for 
resistance to subtropical climatic conditions has been, accord- 
ing to Rhoad, a general practice in the Gulf-coast region for more 
than a generation. From one of these crosses, the Shorthorn x 
Brahman, there has evolved the first strictly American breed of 
beef cattle, the Santa Gertrudis, developed by the Klebergs of 
the King Ranch, Kingsville, Texas. Improved dairy types of 
cattle adaptable to tropical and subtropical climatic conditions 
are being developed in India with pure Brahman (Zebu) stock, 
while in Brazil, Jamaica, and the Philippines new Brahman- 
European crossbred types are appearing. In the Philippines a 
new breed of swine, the Berk j ala, a cross between the Berkshire 
and the native Jala j ala, is being developed as a lard type hog 
adapted to tropical climatic conditions. At the Agricultural Ex- 
periment Station of the University of Puerto Rico breeding pro- 
jects are now in progress for the development of better adapted 
breeds of cattle, swine, goats, and poultry. 

Results obtained in crossing poultry breeds have been re- 
ported by some workers in the United States. 

From crosses between Single Comb White Leghorns and 
Jersey Black Giants Warren (1926, 1927) found that the Fa 
crossbreds hatch better, grow faster and lay better than do the 
parental breeds. They also showed a lower mortality. The vi- 
ability of the crossbred chicks to three weeks of age was su- 
perior to that of the White Leghorn and Jersey Black Giant 
purebred chicks. The adult size of the crossbreds was inter- 
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mediate between that of the two breeds crossed. Byerly, Knox 
and Jull (1934) stated that crossing breeds is likely to increase 
hatchability by decreasing mortality during the third week of 
incubation. Knox, cited by Jull (1946), observed that crossbred 
progeny obtained from several different crosses, on the average, 
had 13.3 per cent better viability than purebred progeny, viabil- 
ity being measured from hatching time to the end of the first 
laying year. Jull (1946, p. 227) summarized the effect of cros- 
sing breeds on body size as follows : 

In practically all cases in which there was not an extreme dif- 
ference in size between the parental breeds that were used in the 
original cross, the size of the F^ progeny was about midway be- 
tween the parental breeds or slightly nearer the larger breed. 
In those cases in which there were extreme differences in size be- 
tween the parental breeds crossed, as in the case of the Barred 
Plymouth Rock x Rose-Comb Bantam matings made by Jull and 
Quinn (1931) and the light Brahma x Golden Sebright Bantam 
matings made by Maw (1935), the size of the progeny was 
slightly nearer the smaller sized breed. 

In summary, the literature cited indicates that the high tem- 
peratures of tropical and subtropical regions lower the pro- 
ductivity of non-adapted animals including poultry, by reduction 
of the metabolic rate, and by other unknown causes. High 
humidity may aggravate the detrimental effect of high temper- 
ature on productivity. In poultry, egg size, broodiness, fertil- 
ity, growth, hatchability, and egg production may be influenced. 
The literature cited also indicates that it is possible to find a dif- 
ferential response of the different breeds of poultry to the tro- 
pical environment. Crossing standard breeds with native stocks 
appear to be a definite possibility for obtaining adaptability to- 
gether with relatively high productivity. 

Methods of Procedure 

This study includes data collected from July, 1946 to June, 
1948. The standard breeds were the New Hampshire and the 
Single Comb White Leghorn, that is, a representative each of the 
dual purpose and light egg types. These birds came from stock 
originally imported from the United States in 1940. Since that 
time they have been bred without any special selection. ^ 

The Native flock was obtained through purchases of birds 
throughout different parts of the Island in an attempt to make 
it a representative sample of the Island^s stock. 
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Crossing the White Leghorn and the New Hampshire with 
the Native was started in 1945 but the numbers have been small 
up to 1947. Even then all crosses of White Leghorn x Native 
were combined and treated collectively. The same was done 
with all crosses of New Hampshire x Native. 

The eggs from the three principal breeds and from the cros- 
ses between them were all hatched in the same incubator; the 
same feed was given all the birds, and they were reared in the 
same brooder house. The laying hens were confined to wire 
floor pens, 20’ x 10’, exactly alike and close together in an area 
of less than one acre. The same men took care of all the breeds. 

In 1946 the hatching season extended from February 6 to 
J une 6 for a period of four months. Chicks were hatched every 
week during that time but for statistical analysis they were div- 
ided, according to the date hatched, into six groups of three 
consecutive hatches per group. In 1947 the hatching season ex- 
tended for a period of two months, from February 6 to April 4. 
Birds were again grouped according to date of hatch into 
groups, with three consecutive hatches per group. In 1947 
there were only three groups. 

A considerable amount of data was recorded on these birds 
but this study will be concerned only with egg production, sexual 
maturity, egg weight, body weight up to four months of age, 
and mortality. Except for mortality, the data in 1946 included 
67 White Leghorn birds, 98 New Hampshire, and 39 Natives. 
In 1947, there were 68 White Leghorns, 165 New Hampshires, 
S3 Native, 69 White Leghorn x Native, and 55 New Hampshire 
X Native. Chick mortality was recorded in 1946 on 145 New 
Hampshire chicks, 135 White Leghorns, and 121 Natives. For 
1947 there were 616 New Hampshire chicks, 220 White Leg- 
horns, 288 Natives, 493 White Lebhorn x Natives, and 665 New 
Hampshire x Natives. Laying flock mortality was recorded in 
1946 on 137 New Hampshire hens, 91 White Leghorns, and 58 
Natives. For 1947 there were 219 New Hampshires, 64 White 
Leghorns, 44 Natives, 122 White Leghorn x Natives, and 111 
New Hampshires x Natives. 

Egg production was measured on the basis of the number 
of eggs laid for the first 120 days of laying. Harris (1922), 
Thompson (1933), and many other workers, have shown that 
rate of production is a good criterion of total first year pro- 
duction. 
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Sexual maturity was measured as the age in days of the 
bird at first egg. 

Egg weight per individual hen was measured in ounces per 
dozen eggs equivalent for the first 120 days of laying. Jull and 
Godfrey (1933), and other workers, have demonstrated the re- 
liability of short periods egg weight records for estimating 
mean annual egg weight. 

Body weight was taken in pounds at the end of the first, 
second, third, and fourth month of age. Funk, Knandel, and 
Callenbach (1930) found that initial chick weights and sub- 
sequent weights showed little correlation but that weights at 
4, 8, 16, and 24 weeks show a high positive correlation with 
each other. 

Chick mortality was measured as the percentage of chicks 
dead from hatching to one month of age. Dunn (1922) meas- 
ured chick mortality to three weeks after hatching, and stated 
that it seems probable that early chick mortality is the result 
of general constitutional weakness. 

Laying fiock mortality was recorded from the start of lay- 
ing until each bird completed one year of production. Pearl 
(1923) stated that the individual which is structurally and func- 
tionally of superior constitution will, in the long run, exhibit 
a relatively high degree of longevity. 

The method of fitting constants as given in Snedecor’s text 
(1946) was used for analysis of variance of egg production, 
sexual maturity, egg weight and body weight. The t tests were 
carried out as given by Goulden (1939). The method of Pat- 
terson (1946) was also tried for the evaluation of interactions. 
Differences in mortality were tested through Chi-square analysis. 

In all tables one asterisk (*) and two asterisks (**) repres- 
ent statistical significance at the P < .05 and P < .01 levels 
of probability, respectively. 

EXPERIMENTAL RESULTS 

Comparison of White Leghorn, New Hampshire, and Native Birds 

Egg production 

In table 1 the average production of the three breeds for 
the first 120 days of laying during 1946 and 1947 is presented. 
THe~ analysis of variance of*these data is also given in this 
table. 
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The average egg production of the imported breeds is shown 
to be very similar with 45.5 eggs for the Leghorns and 47.6 
eggs for the New Hampshires. However, the production of the 
Natives was only 26.4 eggs which is significantly lower than 
that of the other two breeds. This difference ist shown for 
each of the two years. 

In i946 differences between hatches were significant. Birds 
hatched from February 6 to March 14 were the poorest layers 
and those hatched from March 21 to April 25 were the best 
layers. Interaction was, however, negligible, indicating that 
the date of hatch affected the production of the different 
breeds proportionally. The shortening of the hatching season 
during 1947, from four to two months, was effective in eliminat- 
ing any important difference due to hatch. In tables 2 and 3 
the effect of date of hatch on production during 1946 and 1947, 
respectively, is shown. The analyses of variance of these data 
are also given in the tables. 

Ta-ble No. 1 

MEAN EGG PRODTJCTION OP WHITE LEGHORNS, NEW HAMPSHIRES, 

AND NATIVES DURING 1946 AND 1947 


Mean Egg Production 


Breed 

im 

1947 

Combined 

Years 

White Leghorn. 

167 )> 45.4 

(98) 47. 5 

(39) 30. 9 

(68) 45.7 1 

(165) 47.8 I 

(33) 21.2 i 

(135) 45.5 

(263) 47.6 

(72) 26.4 

New Hampshire 

Native. 

Unweighted mean 

41. 3 

i 

38. 2 ; 

39.8 



Analysis of Variance 



d/f 

Sums of 
Squares 

Mean 

Square 

Years 

1 

176. 51 

176. 51 

Breeds 

2 

26,207.34 

1, 5[)3. 42 

13, 022. SS*"* 

Years and Breeds . . . 

2 

751. 71 

Individuals 

464 

181,195.69 

■ 'i 

390.51 


6—19. 75 


* Pigares in pareutiiesis are -niimber of birds.. 
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Table No. 2 

MEAN EGG PRODUCTION BY HATCHES OP WHITE LEGHORNS 
NEW HAMPSHIRES, AND NATIVES DURING 1946 


Mean Egg Production 


Hatch 

White 

Leghorn 

New 

Hampshire 

j Native , 

1. 



(14)1 

41.1 

(13) 

23.9 

(5) 

23.2 

9 



(7) 

36. 6 

' (16) 

46. 4 

(3) 

27,0 

3. ......... 



(14) 

38.2 

(21) 

49.8 

(8) 

40,8 

4 



(19) 

55. 1 

(32) 

53.8 

(13) 

31.8 

5 


. . K 

(7) 

46.0 

(B) 

49.7 

(4) 

27.5 

6 



(B) 

50.7 

(10) 

53.3 

(6) 

26.2 

Average. . . . 



(67) 

45.4 

(98) 

47.5 

(39) 

30.9 




Analysis of Vabiance 



d/f 

Sums of 
Squares 

Alean 

Square 

Breeds 

Hatches 

Interaction 

Individuals 

- 

2 

5 

10 

1S6 

8, 789. IS 

8, 164. 79 

5, 586. 05 

62, 209. 89 

4, 394. 59** 
1, 632. 96** 
558. 61 
334. 46 





6=18. 30 


1 Figures in parenthesis are number of birds. 


Table No. 3 

MEAN EGG PRODUCTION BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES DURING 1947 

Mean Egg Production 


White New 

Leghorn Hampshire Native 


(11 )» 43.6 (34) 49.0 (10) 17.5 

(25) 43.0 (39) 42.3 (13) 25.7 

(32) 48.7 (92) 49.6 (10) 19.0 

(68) 45.7 (165) 47.8 (33) 21.2 



Analysis of Variance 



Sums of 

[ 

Mean' 


d/f 

Squares 

t. Square' , 

Breeds - . . — 

2 

17,969.54 

S, '984. 77** 

Hatches. — ... 

2 

1,150-45 

'575.22 

lute action... — 

■' 4 

1,352.52 

33ai3 

Individuals. 

257 

102, 731. 99 

399.74 




5=19.99 



J Figures in parenthesis are number of birds. 
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Sexual maturity 

In table 4 the average sexual maturity {age in days at first 
egg) of the three breeds during 1946 and 1947 is presented to- 
gether with the analysis of variance. 

The variation in the sexual maturity of the Native birds was 
considerable from 1946 to 1947. They were as late maturing 
as the New Hampshires in 1946 and as early as the White Leg- 
horns in 1947. The White Leghorns had earlier sexual matur- 
ity than the New Hampshires in both years. 

The standard deviation in sexual maturity during 1946 were 
13, 38, and 44 days, respectively, for the White Leghorns, New 
Hampshires, and Natives. In 1947 it was 23, 41, and 52 days, 
respectively. There was less variation within the Leghorn birds 
than within the other breeds in respect to this trait. The wide 
variation within the New Hampshires and the Natives may^^- 
count in part for the fairly large variance obtained from the 
residual individuals. 

The date of hatch affected the sexual maturity of the birds 
of the different breeds differently during 1946. Earlier hatched 
birds of the White Leghorn and New Hampshire breeds, hatched 
during February 6 to February 21, had the earliest sexual ma- 
turity. The latest maturing birds of the New Hampshire breed 
were those hatched from May 2 to June 6 and of the White 
Leghorn, those hatched from May 23 to June 6. The earliest 
maturing Native pullets were those hatched from May 23 to 
June 6 and from February 6 to February 21. The latest ma- 
turing were those hatched from March 21 to April 4. Table 5 
shows the effect of date of hatch on sexual maturity during 1946. 

The shortening of the hatching season in 1947 was effective 
in eliminating the differences due to interaction of breeds x 
hatches. However, the tendency of the birds of all breeds was 
to mature earlier when hatched earlier. In table 6 the effect of 
date of hatch on sexual maturity during 1947 is shown together 
with the analysis of variance. 

Egg weight 

The average egg weight of the three breeds and the corre^ 
spending analysis of variance is given in table 7. 



COMPARATIVE PERFORMANCE OF THE NATIVE FOWL 


281 


Table No. 4 

age at first egg of white LEanORNS, NEW HAMPSHIRES, AND NATIVES 


Age at First Egg (days) 


Breed 

1946 

1947 

Oombiued 

Years 

White Leghorns. . . 

(67 )r 187 

(98) 220 

(39) 234 

(68) ■ 192 
(165) 225 

(33) 195 

(135) 190 

(263) 223 

(72) 216 

New Hampshi es 

Natives 

Unweighted mean 

214 

204 

210 




Analysis of Variance 


1 

Sums of 

Mean 


d/f 

Squa'^es 

Square 

Year's ; . . 

1 

393. 41 

99, 291. 99 
29,638.53 
634, 218. 40 

393.41 

49, 646.00** 
14,819.27** 

1 1, 366. 85 

6==36.97 

B eeds 

2 

Yea s X B eeds 

2 

Individuals 

464 



1 Figures in parenthesis are number of birds. 


Table No. 5 

AGE AT FIRST .EGG BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES DURING 1916 


Age at First Egg (days) 


Hatch 

j White 

Leghorn 

. New 
Hampshire 

Native^ ' 

1 

(14)1 175 

(7) 197 

(14) 186 

(19) 185 

(7) 190 

(6) 213 

(67) 187 

i 

(13) 187 

(16) 217 I 

(21) 210 ! 

(32) 224 1 

(6) 282 : 

(10) 245 

(98) 220 

(5) 211 

(3) 222 

(5) 265 

(13) 242 

(4) 236 

(6) 202 

■ (39) ■ ',234 , 

2. 

3. 

4. 

5 

6 

Average. 



ANALYRia or Variance 



Sums of 

Mean 


d/f 

' Squares 

Squa e 

Breeds 

2 

59,433.01 

29.716. 61** 

Hatches. 

5 

23,747.76 

4, 749. 55** 

Interaction ; , . . . . .... . . 

10 

1. 34,m:58. 

■■ its; 874. 14- " 

3, 434. 46** 

Individuals — 

186 

934. SI 

5=30. 57 


Figures in parenthesis are number of birds. 
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Table No. 6 

AQE AT FIRST EGG BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES D BRING 19i7 

I Age at First Egg 


Hatch 

White 

Leghorn 

New 

Hampshire 

Native 

1 

(11)1 184 

(25) 189 , 

(32) 198 

(68) 192 

(34) 218 

(39) 218 

(92) 230 

(165) 225 

(10) 183 

(13) 191 

(10) 212 

(33) 195 

2. 

3 

Average 




Analysis of Variance 



Sums of 

Mean 


d/f 

Squa e i 

Squa:e 

Breeds 

2 

55, 149. 66 

27, 574. 83** 

Hatches 

2 

11,399. 67 

5 , 699. 84* 

lute action 

4 

L 472. 76 

368. 19 

Individuals 

257 

389, 373. 49 

1, 515.07 




fc=38. 92 


^ Figures in parenthesis are number of birds. 


Egg size was smaller for all the breeds during 1947 than 
during 1946. As a breed the New Hampshires had the largest 
eggs while the White Leghorn eggs were larger than the Native 
eggs. 

There were significant differences between the hatches in 
both years but all breeds were affected proportionally by the 
date of hatch. During 1946 egg weight fluctuated up and down 
throughout the hatching season. During 1947 the tendency of 
the birds of all breeds was to have larger egg weight when 
hatched latest. This may be explained by the fact that late 
hatched birds in 1947 matured later and thus were older when 
they started laying. 

The effect of date of hatch on egg weight during 1946 and 
1947 is shown in tables 8 and 9 respectively. 

The correlation between sexual maturity and egg weight can 
be observed easily by comparing table 8 with table 5. The earlier 
maturing birds of the White Leghorn breed were found in 
groups 1 and 4 where the smallest egg weights were observed. 
The latest maturing birds of the same breed belonged to group 
6 where the heaviest eggs were found. Groups 2, 3 and 5 were 
intermediate in maturity and egg size. The correlation coeffi- 
cient was .413, with 66 degrees of freedom. 
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The earliest maturing New Hampshires were in groups 1 
and 3. The same birds laid the smallest eggs. For the same 
breed groups 2, 4 and 6, and 5 in table 5 closely correspond 
to the same groups in table 8. The correlation coefficient was 
.437, with 96 degrees of freedom. 

The earliest maturing Natives and their smallest egg weights 
belonged to groups 1 and 6. The latest maturing birds were in 
groups 3, 4, and 5 where the heaviest eggs were found. Group 
2, intermediate in maturity, was also intermediate in egg weight. 
The correlation coefficient was .496, with 37 degrees of freedom. 

Table No. 7 

EGG WEIGHT OF WHITE LEGHORNS, NEW HAMPSHIRES, AND NATIVES 


Mean Egg Weight (ounces per dozen) 


Breed 

1946 

. 

1947 

' 

Combined 

Yea-s 

White Leghorn 

* (67)1 20.0 

1 (98) 21.1 

(39) 17.9 

(68) 19. 3 i 

(165) 20. 9 

(33) 16. 9 

(135) 19.6 

(263 ) 20.9 

(72) 17.4 

New Hampshire 

Native 



Analysis of Variance 



d/f 

Sums of 

S [juares 

Mean 

Square 

Y ea"s 

1 

24.42 

24. 42** 

B"eeds 

2 

750.45 

1 375.22** 

Yea'S X Breeds 

2 

; 9.86 

* 4.93 

Individuals 

464 

' 965. 87 

2.(^ 


&=1. 44 


^ Figures in parenthesis a''e number of birds. 


Table No. 8 

EGG WEIGHT BY HATCHES OF WHITE LEGHORNS, NEW HAMPSHIRES, 
AND NATIVES DURING 1946 


Mean Egg Weight (ounces per dozen) 


Hatch ' | 

White 

Leghorn 

New 

Hampshires 

Native; 

1. 

(14)1 

19.7 

(13) 

20. 3 

(5) 

16.9 

2. 

(7) 

20.2 

(16) 

21.0 ^ 

(3) 

■ ■ 17. 7' ’ 

3.. 

(14) 

20.0 

(21) 

20. 5 

(8) 

.. 

4. 

(19) 

19.7 

(32) 

21.5 

(13) 

' IS. 2 

5 

(7) 

20.3 

(6) 

22. 4 i 

(4) 

■ 18,7 ■ 


(6) 

2i;o 

(10) 

21.4 vj 

(6) 

;17..2 

Average. — 

(67) 

20.0 

(98) 

• 21.1 'j 

(39) 

'17. .9 
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Analysis of Variance 

' 

d/f 

Sums of 
Squa'es 

.i 

Mean 
Squa e 

B-BPdS 

2 

314.' 99' ■ 

157. 49** 

Hatches. 

5 

51. 25 ' 

10.25** 

In!<"* action 

10 

256. 10 

.55 

Individuals 

1S6 

1. 38 


i 

6=1.18 


’ Figures in parenthesis are numbe:’ of birds. 


Table No. 9 

EGG WEIGHT BY HATCHES OF WHITE LEGHORNS, NEW HAMP3HIRS3, 
AND NATIVES DURING 1947 


Mean Egg Weight (ounces pc d ze ) 


Hatch 

White 
Leghp u 

New 

Hampshi.’e 

Native 

1 

(11 )> 19.2 

(25) 19. 2 

(32) 19.5 

(68) : 19.3 

(34) 20.6 

(39) 2D. 5 

(92) 21. 1 1 

(165) 20.9 

(10) 16.5 

(13) 16.5 

(10) 17.7 

(33) 16.9 

2 

3. . 

Ave'age 



Analysis of Variance 



d/f 

Sums of 
Squa'J'es 

Mean 

Square 

Breeds 

2 

! 420. 82 

213. 41** 

Hatches. 

2 

19. 42 

9.71** 

Ince action........................ . 

4 

4. 66 

1. 17 

Individuals 

257 

568. 84 j 

i 

2. 21 


6=1. 49 


I Figures in parenthesis are number of birds. 

The correlation between sexual maturity and egg size can 
also be observed in the data for 1947 ■ by comparing table 9 
with table 6. The earliest maturing birds of all the breeds laid 
the smallest eggs. 

This correlation between maturity and egg weight is prob- 
ably due to larger body size of the late maturing birds at the 
time of first egg. Although no data are available to substan- 
tiate this statement it seems to be warranted by results obtained 
by other workers (Jull, 1946). 

Body toeight 

In table 10 the average body weight of the three breeds dur- 
ing 1947 for the first four months of age is presented. 
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Table No. 10 

BODY WEIGHT AND THE STANDARD DEVIATION OF WEIGHTS OF WHITE 
LEGHORNS, NEW HAMSHIRES, AND NATIVES FOR 1947 AT 
FOUR DIFFERENT AGES 


Age in AIonths 


Beeed 

One 

S 

T\V3 

S 

Three 

. s I 

Four 

•S' 



[lbs.) 


(lbs). 

1 

(lbs.) 

■ 

(lbs.) 


White Leghorns 

.. 68 

.56 

.09 

1.40 

.19 

2. 31 

.28 ’ 

3. 02 

.33 

New Hampshires 

..165 

.57 

.06 

1.45 

.20 

2.49 

. 39 

3. 21 '■ 

.43 

Natives 

.. 33 

.45 

.07 

1. 11 ! 

.15 

1.64 

.26 

2. 16 

.27- 


There were no significant differences in weight between the 
White Leghorn and the New Hampshire birds at the end of 
the first and second month of age. However, at the end of the 
third and fourth month of age the New Hampshires weighed 
.18 and .19 pounds more, respectively, than the White Leghorns. 
The t value obtained was 3.31 for the third month and 3.29 for 
the fourth month. The probability in both cases was less than 
.01 for 231 degrees of freedom. Both standard breeds were 
heavier than the Natives at the end of each of the four months. 
The White Lebhorns weighed .11, .29, .67, and .86 pounds more 
than the Natives at each of the four months. With 99 degrees 
of freedom the probability was less than .01 in all cases. The 
t values obtained were 6.43 for the first month and 7.72, 11.45, 
and 12.91 for the other three successive months. The New^ 
Hampshires weighed .12, .34, .85, and 1,05 pounds more than 
the Natives at each of the four successive months. With 196 
degrees of freedom the probability was also less than .01 in all 
cases. The t values were 10.50 for the first month and 9.09, 
11.91, and 13.39 for the following three successive months. 

The variation in weight within the breeds increased con- 
stantly from the first to the fourth month of age. The widest 
variation was found within the New Hampshire at the end of 
the third and fourth month of age. The Natives varied less 
than the other breeds at the same ages. 

The variation in weight within the breeds increased con- 
stantly from the first to the fourth month of age. The widest 
hatched birds of the White Leghorn and New Hampshire breeds 
had a tendency to weigh less than those hatched later whereas 
earlier hatched birds of the Native breed had a tendency to 
weigh more than those hatched later. The effect of date of 
hatch on body weight, however, disappeared after the first month 
of age. 
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In table 11 the effect of the date of hatch on the body weight 
of the different breeds at the end of the first month of age is 
presented. The analysis of variance of these data is also shown 
in the table. 

Table No. 11 

EFFECT OF DATE OF HATCH ON THE BODY WEIGHT OP WHITE LEGHORNS* 
NEW HAMPSHIRES, AND NATIVES AT THE END OP THE FIRST MONTH OF AGE 


Weight in Pounds 


Hatch | 

■ i 

1 

1 , 

W^hite 1 

Leghorn 

New 

Hampshire 

Native 

. 1. ■ 

fll)i .52 

(25) - 56 

(32) .58 

(34) .52 

(39) .57 

(92) . 58 

(10) .47 

(13) .45 

(10) .43 

2. 

3 



Analysis of Variance 



d/f 

Sums of . 
Squares 

Mean 
Squa e 

Breeds 

2 

. 3381 

.1690** 

Hatches 

2 

. 0850 

. 0425** 

Interaction 

4 

. 0123 

.0031 

Individuals 

257 

1. 1095 

. 0043 



^ Figures in parenthesis are number of birds. 


Chick mortality 

Table 12 shows the chick mortality of the three breeds for 
1946 and 1947. 

Table No. 12 


' MORTALITY TO ONE %IONTH OF AGE OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES 





B 

r e e d 


Year 



New 

I 

Un- 



White 

Hamp- 

' Native 

weighted 



' Leghorn 

shire 


mean 

1946. . . . . 

1 

Number hatched 

135 

145 

1 

121 



No. alive at 1 month 

115 

122 

108 



Per cent alive 

(85. 19) 

(84. 14) 

(89. 26) 

(86.20) 

1947 

Number hatched 

220 

616 

288 



No. alive at 1 month... 

198 

567 

271 



Per cent alive. 

(90. DO) 

(92. 05) 

(94.10) 

(05.05) 

Com- 

Number hatched 

355 

761 

409 


bined 

No. alive at 1 month 

313 

689 

'379 


years 

Per cent alive. 

(88. 17) 

(90.54) 

(92. 67) 

(90.46) 


The New Hampshire chicks had 7.91 per cent better viabil- 
ity during^ 1947 than during 1946. A chi-square of 7.68 was 
obtained, which was highly significant, the probability being 
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less than .01 for one degree of freedom. However^ there were 
no significant differences between years in respect to the White 
Leghorn and Native breeds. Also breed differences' were not 
significant in either year. 

Laying flock mortality 

Table 13 gives the laying flock mortality of the three breeds 
for 1946 and 1947. 


Table No. 13 

laying flock mortality of white leghorns, new 

HAMPSHIRES, AND NATIVES 




White 

New 


Ln- 

Year 


Leghorn 

Hamp- 

shire 

Native 

weighted 

mean 

1946. . . 

Number of birds 

"91 

137 

f8 



Per cent survivals 

21. 98 

34.31 

36. 21 

30. 83 


Per cent 'wutb pullorum 

48. 35 

48.17 

37. 93 

44. 82 


Per cent deal. 

29.67 

17. 52 

25. 86 

24.35 

1 

1947.. , 

Number of birds 

64 

219 

44 

1 


Per cent survivals 

60. 94 ! 

78.08 1 

52.27 

63. 76 


Per cent with pullorum 

4. 69 

0.91 

6. 82 

4.14 


Per cent dead 

34. 37 

21.01 

40.91 

32. 10 


The New Hampshire birds had 17.14 per cent better viabil- 
ity than the White Leghorns and 25.81 per cent better viability 
than the Natives during 1947. A chi-square of 16.04 was ob- 
tained, which was highly significant, the probability being less 
than .01 for two degrees of freedom. There were no significant 
differences between the White Leghorns and the Natives dur- 
ing the same year. 

If birds culled because of pullorum in 1946 are not included 
among the dead, the laying flock mortality was 23.64 per cent 
lower in the New Hampshires than in the White Leghorns. 
With a chi-square of 6.45 this difference was significant, the 
probability being less than .02 for one degree of freedom. How- 
ever, there were no significant differences between the New 
Hampshires or the Leghorns and the Natives. If birds culled be- 
cause of pullorum in 1946 are included among the dead there 
were no significant differences between the breeds in mortality 
during that year. 

The New Hampshires had 43.77 per cent better viability in 
1947 than in 1946. A chi-square of 66.2 was obtained, with a 
probability of less than .01 for one degree of freedom. 

There were no significant differences in laying flock mortal- 
ity of the Natives between the years. 
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Comparison of Crosses 

Table 14 summarizes the average egg production, sexual ma- 
turity, egg weight, and body weight of the crossbreds and the 
parental breeds. The data on the chick and laying flock mor- 
tality is shown in table 15. 

WhMe Leghorn x Native vs. White Leghorn and Native 

The White Leghorns laid an average of 12.0 eggs more than 
the White Leghorns x Natives during the period studied (Table 
14). A t value of 3.48 was obtained with 135 degrees of free- 
dom, the probability being less than .01. The White Leghorn x 
Natives laid an average of 12.5 eggs more than the Natives. 
With a t value of 3.38 and 100 degrees of freedom the probabil- 
ity was less than .01. The Native birds were more uniform 
than the other breeds in egg production. The variation within 
the crossbreds was intermediate between that found in the Leg- 
horns and the Natives. The standard deviation in production 
was 21.89, 18.43, and 15.42 eggs respectively for the Leghorns, 
White Leghorn x Natives, and Natives. 

There were no significant differences in the sexual maturity 
of the three breeds (Table 14) . However, the variation within 
the Natives and the crossbreds was much higher than that found 
within the Leghorns. The standard deviation in sexual ma- 
turity was 22.9, 44.84, and 52.07 days for the Leghorns, Cross- 
breds, and Natives, respectively. 

Table No. 14 

EGG PEODT.TCTION, SEXUAL MATURITY, EGG WEIGHT, AND BODY WEIGHT OF 
THE WHITE leghorns, NEW HAMPSHIRES, NATIVES AND 
CROSSES BETWEEN THEM 


Breed 

■ ■ ■ » 

N 

Egg 
produc- 
tion 
(Mean- 
120 days) 

1 Age 
at 

fi'St 

egg 

(days) 

Mean 

egg 

weight 

(oz. 

per 

dozen ) 

Body weight (pounds) 

j 

One 

month 

Two 

months 

Th'*ee 

months 

Fou’- 

month 

White Leghorns, , 

68 

45.7 

192 

19.3 

0.56 

1.40 

2.31 

3.02 

Wniie Leghorns x Natives .i 

69 ! 

33.7 

202 

18.3 

0.48 

1.20 

1.98 

2. 44 

Natives 

33 

21.2 

195 

16.9 

0.45 

1.11 

1. 64 

2. 16 

Nev Hampshires x Natives. 

55 

39.9 

222 

19.0 

0. 49 

1.25 

2. 13 

2.64 

New Hampshires 

165 

47.8 

225 

20.9 

0. 57 

1.45 

2. 49 

3. 21 
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Table No. 15 

CHICK AND LAYING FLOCK MORTALITY OF WHITE LEGHORNS, NEW 
HAMPSHIBES, NATIVES AND CROSSES BETWEEN THEM 


Breed 

Chick Mortality 

Laying Flock Mortal ity 

Number 

hatched 

Number 
alive at 
one 
month 

Per Cent 
alive at 
one 
month 

N 

Survivals 

With 

pullorum 

Dead 






Per cent 

Per cent 

Per cent' 

White Leghorns 

220 

198 

90. 00 

64 

60.94 

4. 69 

34. 37 

White Leghorns x Natives 

493 

471 

95. 54 

122 

69.67 

4. 10 

26 . ,23 

Natives. . 

288 

271 

94, 10 

44 

52. 27 

6. 82 

40. 91 

New Hampshires x Natives. . . . 

665 

625 

93-98 

111 

70.27 

1.80 

27. 93 

New Hainpshires 

616 

567 

92.05 

219 

78. 08 

0. 91 

21. 01 


The Leghorns laid heavier eggs than the White Leghorn x 
Natives, wath an average of 1 oz. per dozen eggs more (Table 
14) . At value of 5.25 was obtained with 135 degrees of free- 
dom, corresponding to a probability of less than .01 that this 
is a chance difference. The crossbreds laid an average of 1.4 oz. 
per dozen heavier eggs than the Natives. With a t of 5.16 and 
100 degrees of freedom the probability was less than .01. The 
Natives laid eggs which varied more in size than those laid by 
the Leghorns and the crossbreds. The standard deviation in 
egg weight was 1,23, 1.16, and 1.48 oz. per dozen eggs for the 
Leghorns, White Leghorns x Natives and Natives, respectively. 

The weight of the White Leghorn birds were 0.08, 0.20, 0,33, 
and 0.58 pounds more than that of the crossbreds at the end 
of the first, second, third, and fourth month of age, respectively 
(Table 14), For 135 degrees of freedom the probability was 
less than .01 in all cases that these are chance differences. The 
t values obtained w^ere 5.79, 6.67, 6.56, and 11.12, respectively, 
for each of the four months. The weights of the crossbreds 
were similar to the Natives for the first month of age but they 
were .09, .34, and .28 pounds heavier at the second, third, and 
fourth months, respectively. For 100 degrees of freedom the 
probability was less than .01. The t values for testing signifi- 
cance were 2.72, 5.38, and 4.93 for the second, third, and fourth 
months, respectively. The variation in weight within the cross- 
breds was more or less intermediate between that found in the 
Leghorns and the Natives in all months except the third. The 
standard deviations of their weights during each of the four 
months were .08, .16, .31, and .27 pounds as compared with .09, 
.19, .28, and .33 pounds for the Leghorns and ,07, .15, .26, and 
.27 pounds for the Natives, 



290 JOURNAL OF AGBIGULTURE OF UNIVERSITY OF PUERTO RICO 

The White Leghorns x Natives had 5.54 per cent better chick 
viability than the White Leghorns (Table 15). A chi-square 
of 8.27 was obtained, which has a probability of less than .01 
Lor one degree of freedom. There were no significant differ- 
ences between the crossbreds and the Natives in chick mortality. 

The White Leghorn x Native laying hens had 17.40 per cent 
better viability than the Natives (Table 15). With one degree 
of freedom, a chi-square of 4.49 was significant for a probabil- 
ity less than .05. There were no significant differences between 
the crossbreds and the Leghorns in laying flock mortality. 

Neia Hampshire x Native vs. Neiv Hampshire and Native 

The New Hampshires laid an average of 7.9 eggs more than 
the New Hampshire x Natives during the period studied (Table 
14) . A t value of 2.66 was obtained which was highly signifi- 
cant (P X ,01) for 218 degrees of freedom. The crossbreds 
laid an average of 18.7 eggs more than the Natives. A t value 
of 5.45 obtained with 86 degrees of freedom had a probability 
of less than .01. The variation within the crossbreds and the 
Natives was less than that found in the New Hampshires. The 
standard deviation in production was 19.99, 15.69, and 15.42 
eggs for the New Hampshires, New Hampshires x Natives, and 
Natives, respectively. 

The Natives were 27 days earlier in maturity than the cross- 
breds (Table 14). The t value calculated was 2.43, which for 
86 degrees of freedom has a probability of less than .05. There 
were -no significant differences between the crossbreds and the 
New Hampshires. The Natives and the New Hampshire x Na- 
tives varied more in maturity than the New Hampshires. The 
standard deviation in sexual maturity were 41.32, 49.59, and 
52.07 days for the New Hampshires, crossbreds and Natives, 
respectively. 

The New Hampshires laid eggs weighing 1.9 oz* per dozen 
more than those laid by the crossbreds (Table 14). A t value 
of 7.2B was obtained, the probability being less than 0.1 for 
218 degrees of freedom. The New Hampshires x Natives laid 
eggs averaging 2.1 oz. per dozen heavier than the Natives. 
With a t value of 6.35 and 86 degrees of freedom the probability 
was less than .01. The variation in egg weight was more 
marked within the New Hampshires and the crossbreds than 
within the Natives. The standard deviations in egg weight 
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were 1.60, 1.59, and 1.48 oz. per dozen eggs for the New Hamp- 
shires, New Hampshire x Natives and the Natives, respectively. 

The weight of the New Hampshire birds was .08, .20, .36, 
and .57 pounds more than that of the crossbreds at the end 
of the first, second, third and fourth month of age, respectively 
(Table 14). For 218 degrees of freedom the probability was 
less than .01 in all cases; the t values obtained being 7.41, 
6.34, 6.11, and 8.14 for each of the four months. The cross- 
breds were .04, .14, .49, and .48 pounds heavier than the Na- 
tives at the end of the first, second, third and fourth month of 
age, respectively. For 86 degrees of freedom the probability 
was less than .05 at the first month and less than .01 at the 
second, third and fourth month. The corresponding t values 
were 2.32, 3.56, 7.99, and 5.24 for each month. The standard 
deviations in body weight of the crossbreds during each of the 
four months were .09, .19, .29, and .49 pounds as compared with 
.06, .20, .39, and .43 pounds for the New Hampshires and with 
.07, .15, .26, and .27 pounds for the Natives. 

There were no significant differences between the breeds in 
chick mortality (Table 15). 

The New Hampshire x Natives had 18 per cent better laying 
flock viability than the Natives (Table 15). A chi-square of 
4.31 was obtained, which was significant at the .05 level of prob- 
ability. There were no significant differences between the cross- 
breds and the New Hampshires in laying flock mortality. 

Netv Hampshire x Native vs. White Leghorn x Native 

There were no significant differences in egg production be- 
tween the crossbreds although the New Hampshires x Natives 
had a tendency to lay better (Table 14). 

The White Leghorn x Natives were 20 days earlier in ma- 
turity than the New Hampshires x Natives (Table 14). The t 
value obtained was 2.31 and the probability was less than -05 
for 122 degrees of freedom. 

The New Hampshires x Natives laid eggs weighing 0.7 oz. 
per dozen more than those laid by the White Leghorn x Na- 
tives (Table 14). With a t value of 3.15 the probability was 
less than .01 for 122 degrees of freedom. 

The weight of the New Hampshire x Native birds was .01, 
.05, .15, and .20 pounds more than that of the White Leghorn 
X Natives (Table 14) . The differences were not significant dur- 
ing the first two months. At the third and fourth months of 
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age the New Hampshire x Natives were significantly heavier 
than the White Leghorns x Natives. A t value of 2.86 for the 
third month and of 2.92 for the fourth month was obtained; the 
probability was less than .01 for 122 degrees of freedom. 

The growth curves of the crossbreds and purebreds are pres- 
ented in Figure 1. 

The crossbreds were more or less alike in chick mortality 
and laying flock mortality. However, both crossbreds, with a 
percentage chick viability of 94.65, were significantly superior 
to the purebreds (White Leghorn, New Hampshire, Native) 
with a percentage chick viability of 92.17. A chi-square of 5.69 
was obtained with a probability of less than .02 for one degree 
of freedom. 
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spusiOd xTf -^cpog 


Age in Months 

FIO, 1.— CompatatlTe growth to four months of purebred and crossbred chicfeens. 
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Discussion 

Practical and important differences were found between the 
Native Puerto Rican fowl and the standard breeds in respect 
to their productive capacity. As regards egg production, egg 
weight, and body weight the native fowl would appear to con- 
tribute very little, if anything, to the attainment of a more pro- 
ductive breed for Puerto Rico. The differences between the 
Native and the standard breeds in those characters, viz. 21.2 
eggs in production during the first 120 days of laying, 3.5 oz. 
per dozen in egg weight, and 1.05 lbs. in body weight at the 
end of the fourth month of age, are quite conclusive and in- 
dicative of the advisability of substituting for the Native breed 
a more productive breed as a first step for increasing poultry 
production in the Island. 

The superiority of the standard breeds in respect to sexual 
maturity was not so evident but the study of this character is 
only useful as a help in evaluating egg production. Laying 
flock mortality was heavy for all the breeds but the New Hamp- 
shires fared better than the Natives. However, the conditions 
of this experiment were such as to enable the native fowls to 
fully express their potentiality in respect to body weight, egg 
production and egg weight but it is questionable if they were 
adequate to enable them to fully express their potentiality in the 
qualities of viability and resistance to disease. The natural 
habitat of the native fowl in the Island is very different from 
that used in this experiment where, although iS. was 

present in the flock, the birds were protected as far as possible 
against adverse conditions and against disease and parasites. 

Some improvement through adequate selection within the 
Native breed is considered possible, but on the basis of the re- 
sults shown the use of other possibilities available for the de- 
velopment of a better breed for Puerto Rico seems more prac- 
tical and economical. 

Assuming that selection would be exclusively for egg pro- 
duction and that the effectiveness of the selection practiced were 
100 per cent; that the females and males kept for replacement 
purposes were 20 and 2 per cent, respectively, of the popula- 
tion available; that the standard deviation in production would 
remain more or less constant around 15 eggs, which was the 
figure obtained in 1947; and that the heritability of egg pro- 
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duction is of the order of 10 per cent; the time required to 
raise the egg production of the 'Natives from an average of 
21.2 eggs during the first 120 days of laying to the average of 
the New Hampshire, 47.8 eggs would be around 9 generations 
or approximately 14 years (Lush, 1945) . Actually, much more 
than 14 years would be necessary to raise the egg production 
of the Natives to a level comparable with that of the New^ 
Hampshires because the selection could not be done for egg prO' 
duction alone and its effectiveness would be much less than 100 
per cent. Also the replacement percentage probably would be 
higher due to the high mortality rates in the flocks of the Is- 
land. 

The crosses represent a distinct improvement over the Na- 
tives in respect to the productive characters but they are in- 
ferior to the standard breeds in egg production, egg weight, and 
body weight. Their production and egg weight was interme- 
diate between that of the Natives and the standard breeds. 
Body weight was slightly nearer the smaller sized breed. Si- 
milar results were obtained with other breeds by lull and Quinn 
and by Maw, cited by Jull (1946). In respect to sexual ma- 
turity, the White Leghorn cross was similar to the White Leg- 
horn while the New Hampshire cross was similar to the New 
Hampshire. 

There is some indication in the data that the crosses 
may perform better than the standard breeds in respect to re- 
sistance and viability although that is not so apparent when 
comparing them with the New Hampshire. The ultimate value 
of the crosses as a possibility for developing a better breed for 
Puerto Rico will depend upon the existence of actual resistance 
or adaptability in the Native stock, that is, in the contribution, 
if any, that the Native can give to a new breed.^ 

The possibility of developing some strain from one of the 
standard breeds which will make it more desirable than the 
Native for Puerto Rican conditions is apparent from this study. 
The New Hampshire breed was superior to the White Leghorn 
in egg weight, body weight, and mortality. They were similar 
in egg production and the New Hampshire was inferior only 
in sexual maturity. Except in chick mortality and sexual ma- 
turity the New Hampshire stock surpassed the Native breed in 
all characters. So far as the characters studied are concerned 

A Tlie Breedisig work Is Toeing' Station witb. several backcross lines. 
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the New Hainpshire seems to offer a distinct possibility for de- 
veloping* a strain which would be more desirable than the Na- 
tive for Puerto Rico. 

However, in some of the characters, especially in egg pro- 
duction and egg weight, the standard breeds in this study were 
inferior to selected flocks in the United States. This lower pro- 
duction and smaller egg size may have been due to a physiol- 
ogical response of the birds in their adaptation to a tropical en- 
vironment. Results obtained by Warren (1933, 1939) tend to 
indicate that the smaller egg size could be due to environmental 
effects. This possibility, however, should be further investi- 
gated. 

Seasonal effects were found to be important in this study in 
respect to egg production, sexual maturity, egg weight, and body 
weight at the end of the first month of age. Differential res- 
ponses of the birds of the different breeds to these seasonal ef- 
fects were apparent in respect to sexual maturity and body 
weight at the end of the first month of age. This environmental 
influence was more evident from February to June than from 
February to March. 


Conclusions 

Much more information would be necessary before a definite 
conclusion on the main objectives of this study could be ad- 
vanced. However, it is considered that sufficient evidence has 
been collected to justify drawing the following conclusions: 

1. The productive capacity of the Native fowl, as judged by 
egg production, egg weight, and body weight, is inferior to that 
of the standard breeds studied. 

2. Selection within the Native would be a long and non- 
economical proposition as a means of getting a better breed of 
poultry for the Island. 

3. Crosses between the Native and the standard breeds will 
show some improvement over the pure Natives but will be in- 
ferior to the standard breeds in their productive capacity. 

4. There is no definite or immediately apparent superiority 
of the Natives in respect to viability and resistance over the 
imported breeds under the conditions in which this experiment 
was made. 

Due to the peeuliarities of the poultry management and care 
in the small farms of the Island it would be desirable to study 
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the same characters considered here under those conditions. 
The study should be extended to include fertility, hatchability, 
mortality during the growing period, efficiency of food utiliza- 
tion, resistance to parasites (which constitutes an important 
problem in the Island), and physiological responses of the dif- 
ferent breeds to the environment. Studies of this nature shouM 
be undertaken under experimental and farm conditions. 

Allowance for the date of hatching, as a factor influencing 
some of the characteristics studied here, should be made when 
planning further comparisons between breeds. The advisabil- 
ity of including other strains of White Leghorns and New Hamp- 
shires for comparison and crossing purposes should also he con- 
sidered in future plans. 

It is felt that the ideal fowl for Puerto Rico would possibly 
be a medium size bird, with high efficiency of food utilization, 
laying relatively well, with some broodiness and good adaptabil- 
ity to the environment. Such a bird, replacing the Native stock, 
would increase poultry meat and egg production in the Island 
with minimum expense on the part of the farmer. 

Summary 

The productive capacity of the Native Puerto Rican fowl 
was compared with White Leghorns and New Hampshires 
reared under similar conditions. Data were recorded on egg 
production, sexual maturity, egg weight, body weight to four 
months of age, and mortality. Studies of an exploratory na- 
ture were made of the possibilities of crosses between the Na- 
tive and the standard breeds. 

It was found that the productive capacity of the Native fowl, 
as judged by egg production, egg weight and body weight, was 
inferior to that of the White Leghorn and New Hampshire. 
The Native crosses showed improvement over the pure Natives, 
but were inferior to the standard breeds although there was 
some ihdi cation that they may possess a greater amount of di- 
sease resistance. 

Under the conditions of the experiment there was no appar- 
ent superiority of the pure Natives over the imported breeds in 
respect to viability and resistance. 

Extension of the study to cover the physiological responses 
of the different breeds to the environment under experimental 
and farm conditions is recommended. 
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3FFEGT OF LIME-PHOSPHOEUS AND GREEN MANFEE ON 

SWEET POTATOES AND CORN GROWN IN ACID SOILS 

By J. A. Bonnet, P. Tirado Sulsona and F. Abruna '' 

INTRODUCTION 

In general, the yields of food crops that grow in the acid 
soils of the humid area of Puerto Rico, have been low because 
no attention has been given to the correction of soil deficiencies. 
It was of importance, therefore, to obtain data of their yields 
when lime, phosphorus and green manure were added to these 
acid soils. 

The effect of lime and phosphorus added to two acid soils 
in Puerto Rico was studied on the yields of seven crops in a 
rotation sequence of green manure, green manure, sweet pota- 
toes, green manure, green manure, corn and corn, in a three-year 
period from May 1944 to August 1947 at two locations, Rio Pie- 
dras and Mayagiiez. 

Each crop of green manure included four leguminosae ; velvet 
beans Stizolobium deeringianum, crotalaria Crotalaria striata, 
cowpeas Vigna sinensis, and soybeans Soja max, Otootan variety. 
Data for the first two crops of the four leguminosae have been 
reported by Bonnet et al. (1). The combined experiments at 
Rio Piedras and Mayagiiez, excluding the crotalaria beeause of 
its poor growth in Mayagiiez, had indicated that: 

‘"1. The mean dry-matter yield of velvet beans in the pres- 
ence or absence of the lime and phosphorus applica- 
tion or as a whole, was significantly higher at the 1 
per cent point, than that of cowpeas and soybeaiis; 
whereas that of cowpeas was higher than that of 
soybeans. 

“2. The mean dry-matter yield of velvet beans with lime 
and phosphorus, was significantly higher at the 1 per 
cent point, than that of velvet beans without lime 
and phosphorus. The same applies to soybeans, and 
cowpeas.’" 

^ Respectively, Head Dept, of Soils, and two Jr, Soil Conservationists. This work 
was undertaken in cooperation with the Soil Conservation Service of Puerto Rico, of wMeh 
Mr. E. A, Telford, Assoc. Soil Conservationist was in charge of the field experiments at 
Mayagiiez, and with, the Federal Experiment Station that provided land and omce space 
at Mayagiiez. 
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The combined experiments at Rio Piedras, including the 
crotalaria had indicated that : 

“1. The mean dry-matter yield of velvet beans in the pres- 
ence or absence of lime and phosphorus applications 
or as a whole, was significantly higher at the 1 per 
cent point, than that of cowpeas, soybeans and cro- 
talaria; whereas that of cowpeas was higher than 
that of soybeans, and crotalaria. The soybeans yield 
was significantly higher at the 5 per cent point, than 
that of the crotalaria, in the absence of lime and 
phosphorus, and significantly lower in their presence ; 
but as a whole there was no significant mean dif- 
ference between them. 

“2. The velvet beans, soybeans and . crotalaria, responded 
significantly at the 1 per cent point, to the applica- 
tion of lime and phosphorus. The cowpeas showed 
no response to the fertilizer. 

‘‘3. Velvet beans, the highest yielder, gave for both loca- 
tions, in the absence or presence of lime and phos- 
phorus, mean green matter of 83.5 and 110.0 hun- 
dredweights per acre, respectively. This is equiva- 
lent to mean dry-matter of 17.4 and 22.6 hundred- 
weights per acre.’’ 

Results obtained with the other five crops in the rotation, 
sweet potatoes, green manure, green manure, corn and corn are 
reported in this paper. 

Procedure ^ 

Location — The two locations where the experimental fields 
were established are within the humid section; Rio Piedras at 
the North of Puerto Rico on 18'^-24'N. latitude and 63°-03'W. 
longitude and Mayagiiez at the West on 18°-12'N. latitude and 
67°--09'W. longitude. The linear distance between both loca- 
tions is 120 kilometers or 74.5 miles. 

Soils , — 'Two one-acre fields of the soil type Fajardo clay, at 
the Experiment Station farm in Rio Piedras, and two of Cata- 
lina clay level phase, at Las Ochenta farm in Mayagiiez, were 
chosen for the sites of the experiment. Two fields were chosen 
at each place to study also the eifect of two methods of in- 
corporating green manure on the crop yield of sweet potatoes 
and corn. In field the green manure was turned-under with 
a hoe, as done by small farmers and in field “B'’ it was plowed 
under with a tractor-driven plow, as done by the large land- 
owners. Fajardo clay is a red soil derived from ashy shales. 



EFFECT OF LIME-PHOSPHORUS AND GREEN MANURE 305 

Catalina clay level phase is a lateritic soil derived from an- 
desitic tuff and tuffaceous shale. The total base exchange ca- 
pacity of Fajardo clay is between 14 and 22 mili-equivalents 
per 100 grams of soil and that of Catalina clay between 8 and 14 ." 

Crop Rotation and Treatment , — The crop rotation sequence, 
the dates of planting, and the mean age at harvest, for each 
crop, are reported in table 1. 


Table No. I 

ROTATION SEQUENCE, PLANTING DATES AND AGE OF CROPS 
AT RIO PIEDRAS AND MAYAGUEZ 


Rotation Sequence 

Crop 

Location 

Date of Planting 

Mean Age 
at Harvest ■ 




1945 

DAYS 

Third 

Sweet potatoes 

RId Piedras 

Feb, 1-5 

142 



Mayaguez 

April 1-7 

168 


Velvet beans 

Rio Piedras 

Oct. 8-10 

86 


Crotalaria 


Oct. 8-10 

86 

Fovrth 

Cowpcas 


Oct. 8-10 

57 


Soybeans 


Oct. 8-10 

57 


Velvet Beans 

Mayagiiez 

Oct. 8-17 

84 


■ Crotalaria 


Oct. 8-17 

77 


Cowpeas 


Oct. 8-17 

59 


Soybeans 


Oct. 8-17... 

59 




1946 



Velvet beans 

Rio Piedras 

April 24-26 

82 


Crotala-ia 


Ap il 24-26 

82 

Fifth 

Cow'peas 


April 24-26 

60 


Soybeans 


April 24-26. 

60 


Velvet beans 

Mayagiiez 

Feb. 24~Marcli 5.. .... .... 

103 


Crotalaria 


Feb. 2i — March 5. 

87 


Cowpeas 


Feb. 24--March 5 



Soybeans 


Feb, 24— March 5. 

m ■ 

Sixth 

Com 

Rio Piedras 

Sept. 5-8. 

■ ■ . ■ 102 



Mayaguez 

August 8-10 

. 91 ' ' 




1947 


■ Seventh 

Corn 

Rio Piedras 

April 28 

IDO 



Mayagiiez 

May 15-20.. 

■■ .94'"'';' 


Sweet potato {Ipomea Batatas Don Juan variety) cuttings, 
about 12 to 14 inches long, were planted at the rate of two per 
hole, with an 18-inch separation between holes and with a three- 
foot distance between rows. The potatoes were dug out and the 
trash was left over each respective plot. 

The leguminosae were planted at a one-foot distance between 
rows. The distance between plants for the velvet beans was six 
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inches and for the cowpeas and soybeans was four inches. The 
crotalaria seeds were planted continuously within the row. 

The corn {Zea Mays Mayorbela variety) was planted at a 
three-f oot distance between rows and at eighteen inches between 
plants within the row. Four corn seeds were placed in each 
hole and after germination two plants were left at each hole. 
The crop was sprayed with lead arsenate, at the rate of three- 
pounds per 100 gallons of water, for the control of the leaf 
worm Laphygma frugiperda. Rats were kept under control 
using a bait of phosphorus paste with corn flour or with pieces 
of ripe bananas. The corn trash was left over each respective 
plot. 

Half of the plots in each field received limestone at the rate 
of four tons per acre and superphosphate at the rate of 100 
pounds P2O5 per acre. The limestone was broadcast and the 
phosphorus was applied in the row. For the second corn crop, 
(the seventh crop) half of the plots in each field received a 
second application of superphosphate at the rate of 100 pounds 
P2O5 per acre as well as muriate of potash at the rate of 240 
pounds K2O per acre. Half of the checks of this corn crop re- 
ceived ammonium sulphate at the rate of 250 pounds NH3 per 
acre. 

After the first corn crop (the sixth in the rotation) was 
harvested, soil samples were taken at a depth of four inches 
from each plot in each of the two fields at both locations and 
were analyzed for pH, organic matter, nitrates and available 
phosphorus. Total nitrogen was determined in the composite 
samples for each treatment at each field in both locations. The 
data are reported in table 8. 

The organic matter was determined by the rapid colorimetric 
piethod using the Cenco Wilde organic matter color scale No. 
28303 , sold and explained by Central Scientific Co., Chicago. 
The nitrates and available phosphorus were determined, as per 
Wolfe^s (2), extracting with Morgan's solution of normal so- 
dium acetate, buffered at pH 4 . 8 , with acetic acid. 

Experimental Data 

The yields at Rio Piedras and Mayagiiez, for the crop se- 
quence sweet potatoes, green manure, green manure, corn and 
corn, are reported in tables 2 , 4 and 5 , respectively. The col- 
umns “mulched and hoed'* correspond to fields “A" and those 
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for “turned under” correspond to fields “B”. The symbols Ca, 
P, N and K refer to calcium, phosphorus, nitrogen and potas- 
sium, respectively. 

Statistical Interpretation 

The Sweet Potato Crop . — The acre yields in hundredweights 
of sweet potatoes with the different green manure and fertilizer 
treatments, are given in table 2. Data are reported separately 
for the crops grown at Rio Piedras and Mayagiiez and for each 
field where the green manure was either mulched and hoed or 
plowed under the soil. 

The analysis of the total sum of squared deviations for the 
combined crops of sweet potatoes harvested at Rio Piedras and 
Mayagiiez is given in table 3. 

There is a highly significant difference in the mean yields of 
sweet potatoes between locations. The acre mean yield of sweet 
potatoes in the untreated plots at Rio Piedras was 98.4 hun- 
dredweights and in Mayagiiez was 40.8. The mean acre yield 
of sweet potatoes in the plots that received lime and phosphorus 
at Rio Piedras was 122.8 hundredweights and in Mayagiiez was 
63.2. In both locations, the increases in yields of sweet pota- 
toes, due to lime and phosphorus, were highly significant (tables 
2, 3). 


Table No. II 

YIELDS IN HUNDREDWEIGHTS OF SWEET POTATOES TO THE ACRE, WITH 
THE DIFFERENT GREEN MANURE AND FERTILIZER TREATMENTS 


Treatments 

Rio Piedras 

Mayaguez 

Treat- 

ments 

General 

Mulched 
and Hoed 

Plowed 

Under 

Mulched 
and Hoed 

Plowed 

Under 

Check 

103.6 

109.7 

47.1 

38.1 ; 

74,6 


Check with Ca.P 

124.4 

129.7 

56. 9 

61. 5 

93.1 

83.9 

Velvet beans 

119.9 

116.8 

44.4 

58.7 1 

85.1 


Velvet with Ca.P. .... 

136,0 

. 146-6 

71. 3 

87.1 

110.3 

. 97. 7 . 

Crotalaria 

126. 7 

110.2 

49. 5 

38.9 

81.3 


Crotalaria with Ca.P 

129.7 

128.0 

55. 1 

60.7 

93,4 

. 87. '4 ■: 

Cowpeas. 

74.3 

55.6 

37,6 

28.9 

49. 1 ! 


Cowpeas with Ca.P- .. .... 

101.0 

91.4 

64.4 

58,5 

' 78.8 

;64. 0', ■' 

Soybeans. . ... 

89.2 

78.3 

1 25.4 

39.7 

58.2 


Soybeans with Ca.P... 

120.2 

121. 2 

57.5 

58.8 

89,4 1 

73.8 

Values to be exceeded for significance by difference between means of: 



At 5^ point.,. 





8.8' 

At 1 % point... . 




1,6.4 ; 

11.6 


The yields of sweet potatoes planted in the velvet beans plots 
were significantly higher than in the cowpeas, soybeans and 
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check plots. The cowpeas showed a highly siR-nificant detri- 
mental effect in the yield of sweet potatoes ; the cowpeas plots 
gave 64.0 hundredweights to the acre while the checks gave 83.9 
(table 2). 

There was no significant difference in the yields of sweet 
potatoes between the fields (table 3) at both locations when the 
green manure was either mulched and hoed or plowed under the 
soil. However, there was a highly significant difference be- 
tween location, species, and lime-phosphorus treatment. There 
was also a highly significant interaction of species x lime-phos- 
phorus, of species x location, of species x fields and of lime-phos- 
phorus X fields. 

Table No. Ill 


ANALYSES OF THE TOTAL SUM OF SQUARED DEVIATIONS FOR THE CROPS 
OF SWEET POTATOES AT RIO PIEDRAS AND MAYAOUEZ 


Source 

Deg”ees 

of 

Freedom 

Sum of 
Squares 

Variance 

F— Values 

Location 

1 

408, 716 

408, 716 

537. 1** 


Fields. 

1 

50 

50 

. 1 


Location X Fields. Error (a). . .. 

1 

761 

761 



Species 

4 

47, 779 

11,945 

45.9** 

16. 5** 

Lime— Phosphorus 

1 

48, 927 

48, 927 

188. 2** 

67. 8** 

Species x Lime— Phosphorus 

4 

4,766 

1, 192 

4.6** 

1.7 

Species x Location 

4 

16, 613 

4, 153 

16. 0** 


Lime — ^Phosphorus x Location 

1 

83 

83 

.3 


Species x Lime— Phosphorus x Location 

4 

773 

193 

.7 


Sneeies x Fields.. 

4 

4, 235 

1, 059 

4. 1“^* 


Lime— Phosphorus x Fields., ' 

1 

1,123 

1,123 

4.3* 


Species x Lime— Phosphorus x Fields. . 

4 

632 

158 

.6 


Species x Location x Fields.. 

(4) 

(1, 191) 

(298) 

1.2 


Lime— Phosphorus X Location x Fields. 

' u) 

(191) i 

(191) 

.7 


Species x Lime— Phosphorus x Location 






X Fields. 

<4) 

(964) 

(239) 

.9 


Error (b) . . . 

9 

2,336 

260 



Blocks 

32 

153, 963 




Tieatments x Blocks. Error (c) .... 

288 

207,949 

722 




Error (b)— For conclusions applicable to varying soil and climatic conditions in Puerto Rico. 
Erroi |c)— For comparisons with a location. Used in last F~Column. 


The Legume Crops . — The green manure and the dry yields 
of the fourth and fifth crops including velvet beans, crotalaria, 
cowpeas and soybeans, with or without lime and phosphorus at 
Rio Piedras and Mayaguez, are reported in table 4. 

The four leguminosae responded in a highly significant way 
to the application of lime and phosphorus. Among them, velvet 
beans gave the highest yield. Similar results were obtained 
previously by Bonnet et al (1) . The mean green weight for 
the two crops of velvet beans, at both fields in Rio Piedras and 
Mayaguez, was 74.7 hundredweights to the acre for the un- 
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treated plots and 100.5 for the plots that received lime and 
phosphorus. On the basis of dry weight the respective values 
were 17.7 and 24.4 hundredweights. 

Table No. IV 


ACRB YIELDS IN HUNDREDWEIGHTS OF THE FOURTH AND FIFTH CROPS, 
THE TWO CONSECUTIVE LEGUMINOSAE CROPS WITH THE DIFFERENT 
FERTILISER TREATMENTS 


Treatments 

Rio Piedras 

MayabIJez 

Mulched 
and Hoed 

Plowed Under 

Mulched 
and Hoed 

Plowed Under , 

Fourth 

Crop 

Fifth 

Ciop 

Fourth 

Crop 

Fifth 

Crop 

Fourth 

C'op 

Fifth 

Crop 

Fourth 

Crop 

Fifth 

Crop 



Green Weight 



Green 

Weight 



cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

Velvet beaBS 

49. 1 

124. 3 

27.7 

160. 6 

76.7 

79.0 

26.6 

53.6 

Velvet beans with Ca P 

67.1 

180. 4 

40.2 

174.8 

71.7 

125. 8 

42.2 . 

101.8 

Crotalaria 

29.2 

42.0 

20.2 

33.2 

21.4 

2D. 7 

17.0 ■ 

18.1 

Crotalaria with Ca P 

35. 0 

58.7 

24.8 

53.0 

34.3 

40.9 

19.2 

33.6 

Cowpeas 

32.7 

66.0 

35.7 

56.7 

11.5 

18.9 

21. 0 

10.8 

Cowpeas with Ca P 

53.8 

113. 4 

55.7 

98. 4 

11.5 

21. 1 

21.6 

12,3 

Soybeans 

10.6 

33.1 

18.3 

37.1 

18.3 

11.9 

11.8 

2,6 

Soybeans with Ca P 

16.9 

65.7 

30.0 

87.4 

31.6 

18.6 

22.0 

3.2 


Rio Piedras 

MayagCez 


Mulched 



Mulched 



Treatments 

and Hoed 

Plow'ed Under 

and Hoed 

Plowed Under 


Fourth 

Fifth 

Fourth 

Fifth 

Fouith 

Fifth 

Founh 

Fifth 


Crop 

Crop 

Crop 

Ci op 

Crop 

Crop 

Crop 

Crop 



Dry Weight 



Dry Weight; 



cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

CW't. 

cwt. 

cwt. 

Velvet beans 

14.2 

28.2 

8.0 

37.6 

22.8 

15, 7 

7.8 

14.1 

Velvet beans with Ca P 

18.0 

41.7 

11.5 

42.4 

20.3 

24. 9 

11.0 

25.0 

Crotalaria 

6.8 

0.8 

5.0 

8,2 

7.2 

6.0 

5.7 

5.1 

Crotalaria with Ca P 

7.7 

14,4 

6.1 

13. 2 

11.4 

7. 1 

6.5 

9.2 

Cowpeas. 

4.6 

9.6 

4.9 

7. 5 

3.3 

4. 1 

3.9 

2.S 

Cowpeas with Ca P . 

7.7 

18.6 

7.8 

14. 1 

3.0 

4,6 

4.5 

3.3 

Soybeans — 

2.6 

10.7 

4.4 

8. 1 

5.4 

4.3. 

3.4' 

1.1 

Soybeans with Ca P 

4.0 

15.1 

7.2 

19.4 

9. 5 

■6. 7 

6.2 

1.3 


The Corn Crops , — ^The shelled corn yields in hundredweights 
to the acre, of the sixth crop in the rotation with the different 
green manure and fertilizer treatments at both fields, in Eio 
Piedras and Mayagiiez are given in table 5. The data were 
analyzed for each field and for both fields at each location. 

There was a highly significant response of corn yields to 
the applications of lime and phosphorus (table 5, photos 1, 2, 
5) . The yields at Rio Piedras were higher. At both locations 
the green manure from velvet beans that received lime and phos- 
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phorus g-ave the highest significant increases in corn yields over 
those of the corresponding checks (photos 2, 3, 4, 5). In gen- 
eralj the corn yields obtained in the velvet beans plots were the 
highest. The mean acre yield of shelled corn for the velvet 
beans treatment in both fields at Rio Piedras were 24.6 and 
17.1 hundredweights, with and without lime and phosphorus, 
respectively. These yields correspond to 41 and 28.5 bushels 

Table No. V 


ACEE YIELDS OF SHELLED CORN IN HUNDREDWEIGHTS FOR THE SIXTU CROP 
WITH THE DIFFERENT GREEN MANURE AND FERTILIZER TREATMENTS 



Rfo Piedras 

MayagCez 

Treatments 

Mulched 
and Hoed 

Plowed 

Under 

Mulched 
and Hoed 

Plowed 

Under 

Check 

11.7 

ID. 5 

1. B 

1. 7 

Check with Ca P 

17.0 

19.2 

6. 1 

9.7 

Velvet beans 

15. 3 

18. 9 

6. 2 

4.3 

Velvet beans with Ca P 

24.7 

.24.4 

13. 3 

17.9 

Crotalaria 

14.7 

13.4 

2.3 

3.1 

Crotalaria with Ca P 

20.8 

19.1 

8.1 

11.5 

Soybeans 

10.6 

ID. 7 

3.4 

3.4 

Soybeans with Ca P 

22.0 

21.8 

8,2 

10.2 

Cowpeas 

15.9 

9.8 

2.5 

1.7 

Cowpeas with Oa P 

24.4 

20.6 

7.7 

10.7 

Values to be exceeded for significance by difference 
between treatments: 

At 5;l point 

5.7 

1 ' . 4. 7 

4.8 

3. 6 

At \t point 

7. 5 

6.3 

3.6 

4.8 


of corn, respectively. At Mayagiiez, the green manure from 
velvet beans that received lime and phosphorus gave the highest 
significant increases in corn yields over those of the other three 
sources, but at Rio Piedras, there was no significant difference 
between them. 

The acre yields of shelled corn, in hundredweights, for the 
seventh and last crop in the rotation, with the different green 
manure and fertilizer treatments at both fields in Rio Piedras 
and Mayagiiez, are reported in table 6. The analysis for the 
total sum of squared deviations for this crop at both locations 
is reported in table 7. 
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Table No. VI 


ACRE YIELDS OF SHELLED CORN IN HUNDREDWEICH PS FOR THE SEVENTH 
CROP WITH THE DIFFERENT GREEN MANtJRE & FERTILIZER TREATMENTS 


Treatments 

Rio PlEDRAS 

MayagCez 

Treatments 

Genera: 

Mulched 
and Hoed 

Plowed 

Under 

Mulched 
and Hoed 

Plowed 

Under 

Nitrogen 

11.3 

6.6 

6.0 

L2 

6.2 

(8)* 


Nitrogen with K 

4.5 

6.1 

21.0 

5.4 

8.8 

(10) 


Nitrogen with CaP 

16. 9 

14.9 

15.9 

6.3 

13.5 

f8) 


Nitrogen with CaPK 

12.8 

15.5 

35.6 

25. 1 

22.3 

(10) 

, 12„ 7 

Velvet beans 

6.3 

10.2 

11.6 

4. 0 

7.9 

(8) : 

Velvet beans with K 

6. 1 

4.7 

9.4 

L8 

■6.4 

(10) i 


VeWet beans with CaP.., 

12.1 

8.2 

21.9 

8.8 

12.4 

(S) 


Velvet beans with CaPK' 

15.7 

13.1 

20.3 

16.0 

15.0 

(10) 

10. 3 

Grotalaria. 

8.0 

9.2 

9.7 

3.8 

7. 5 

(8) 

Crotalaiia with K 

4.9 ! 

4. 1 

8.4 

2.7 i 

4.9 

(10) 


Grotalaria with CaP 

11.7 

14.2 

23.9 

8.9 

14.3 

(8) 


Grotalaria with CaPK... 

15.5 

9.8 

13.4 

13.8 

12. 6 

(10) 

9.8 

Cowpeas 

7.4 

1 4.1 

6.6 

4.7 

5.5 

(8) 

Cowpeas with K 

9.1 

i 6.9 

11.0 

2.5 

7.0 

(10) 


Cowpeas with CaP 

16.3 

11.8 

13. 5 

11.4 

I 12. S 

(8) 


Cowpeas with CaPK 

13.0 

14.0 

19.9 

12.3 

14. 3 

flO) 

9.9 

Soybeans 

2.5 

7.4 

9.8 

3.2 

5.6 

(8) 


Soybeans with K 

6.3 

3.6 

8.4 

1.2 

4.8 

(10) 


Soybeans with CaP 

11.3 

15.3 

18.6 

9, 5 

13.3 

(8)' 


Soybeans with CaPK. . . 

13.1 

12.0 

20.2 

18. 1 

15.1 

(10) 

9.7 

Values to be exceeded for significance by difference between means of: 

At 5^ point 

4.32 (16) 
4.08 (18) 
3.87 (20) 
5.70 (16) 
5.38 (18).: 
5.10 (20) 

1. 99(72} 

2.69(72) 

At point 



* Number of replicates. 

Table No. VII 


ANALYSES OF THE TOTAL SUM OF SQUARE DEVIATIONS FOR THE LAST CORN 
CROPS AT RIO PIE DR AS AND MAYAGUEZ 


Source 

Degrees 

of 

Freedom 

Sum of 

Squares 

Vadaiice 

F — Values 

Total. 

359 

22, 552 




Fields. - 

1 

1,333 

1.333 

1.6 


Location 

1 

421 

421 

.5 


Fields X Location Enor (a) 

1 

828 

828 



T eatmeiits 

fl9) 

(9, 140) 

(481) 

2.0 

79. 

Species. 

4 

635 

159 

.6 

26.3** 

Lime — Fhospho us 

1 

7, 076 

7, 076 ■ 

28. 7*** 

. 1, 171. §** 

Potassium 

1 

154 

154 

.6 ' 

. 25.5** 

Lime— Phoapho us—Potassium 

1 

i 257 

257 

1.0 

42.i** 

Species x Lime— Phosphoi'us 

' 4 

205 

51 

.2 

8.6** 

Species x Potassium 

4 

646 

161 

, 7 , 

. ,26. 7** 

Species x Lime—Phosphorus 1 






Potassium 

4 

167 

42 

..2 

■6., 9** 

Treatments x Fields 

19 

354 

10 

■■ , . 1 


Treatments x Locations 

19 

4,099 

216 

' ,9 ■ 


Treatments x Locations i Fields. 






Erroi (b). 

19 

4,^7 

247 



Error (c). . 

280 

1 1,691 





Error (b)— For conclusions applicable to va'^iug soil andl climatic coniitioas in Puerto Rieo. 
Error (c) — For comparisons witbin a location. Used in last F — Column. 
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There was again a highly significant difference in corn 
yields for the lime-phosphorus treatment (table 7) as found 
before for sweet potatoes (table 3). The difference between 
fields again was not significant indicating once more that there 
was no significant difference in corn yields when the green ma- 
nure was either mulched or plowed under. This time there was 
no signicant difference in the crop yield due to species when 
applied to general conditions in Puerto Rico, but this difference 
was highly significant for comparisons within a location (ta- 
ble 7). For general conditions in Puerto Rico there was no sig- 
nificant difference in corn yields due to the addition of potassium 
or to the interactions of lime-phosphorus x potassium and of 
species x potassium but the diffei*ence was highly significant for 
comparisons within a location. For example, the addition of 
potassium alone to the mulched and hoed field at Mayagiiez 
when inorganic nitrogen was added, at the rate of 250 pounds 
NH 3 to the acre, raised the acre yield of shelled corn from 6.0 
to 21 hundredweights and to 35.6 when lime-phosphorus was 
added. In the field at Mayagiiez, where the corresponding 
green manures were plowed under, there was a significant in- 
crease in yield of 25.1 hundredweights of shelled corn, to the 
acre, only, when the potassium was added with lime and phos- 
phorus. The yield responses indicate that the fields of Cata- 
lina clay at Mayagiiez were deficient in potash, while those at 
Rio Piedras, of Fajardo clay, had sufficient of this element. 

Twenty seven months after the lime and phosphorus were 
applied (table 8 ), the mean pH of the soil for the five treat- 
ments including the check, at both fields in Mayagiiez was 5.5, 
while that in Rio Piedras was 5.0. The mean pH for the acid 
plots was 4.7 at Mayagiiez and 4.8 at Rio Piedras. The mean 
organic matter content for all treatments in both fields at Ma- 
yagiiez was 2.2 per cent and at Rio Piedras was 1 . 6 . The mean 
nitrogen content at Mayagiiez was .19 per cent and at Rio Pie- 
dras was .16. The mean carbon-nitrogen ratios were 6.8 and 
5.8, respectively. In the lime-phosphorus plots the mean avail- 
able phosphorus for the five treatments including the check, at 
Mayagiiez, was 13 parts per million of phosphorus (P) , and at 
Rio Piedras was 10 . For the acid plots the values were 8 and 
9, respectively. The mean values for nitrates in the lime-phos- 
phorus plots at Mayagiiez was 9 parts per million and at Rio 
Piedras was 14 while for the acid plots were 14 and 10 , res- 
pectively. 



EFFECT OF LIME-PHOSPHOBUS AND GEEEN MANUBE 313 


> 

6 

Z 

H 

Hi 






314 JOURNAL OF AGBICULTUEB OF UNIVEBSITY OF PFEBTO BICO 

There was no significant difference found between the or- 
ganic matter contents of the fields at Mayagiiez and Rio Pie- 
dras due to treatments. This indicates that the incorporation 
of green manure from velvet beans, crotalaria, cowpeas, and 
soybeans, respectively, plus the trash from one sweet potato 
and one corn crop, had no effect upon increasing the organic 
matter content of the soil, in the presence or absence of lime 
and phosphorus, after a period of twenty seven months. 

Summary 

Data are presented here on the efflect that four types of 
green manure had, on the yields of one sweet potatoes and two 
corn crops planted in two acid soils of Puerto Rico, in the ab- 
sence or presence of lime and phosphorus. Comparison is also 
made as to what effect the green manure had on the crop yields 
when it was applied as a mulch or when it was plowed under 
the soil. In the last corn crop, the effect of fertilizing with 
potash was also studied as well as the effect of adding inorganic 
nitrogen and potash to the check plots, in the absence or pres- 
ence of lime and phosphorus. The field experiments were es- 
tablished in Fajardo clay at Rio Piedras and in Catalina cldy 
level phase at Mayagiiez, located about 75 miles apart. 

The green manure sources were from four leguminosae: 
velvet beans Stizolobium deeringiamim; crotalaria Crotalaria 
striata; cowpeas Vigna sinensis; and soybeans max Otoo- 
tan variety. The sweet potato used was the Don Juan variety 
and the corn was the Mayorbela variety, a flinty type. 

In general, the leguminosae and the crops responded signifi- 
cantly to lime and phosphorus. Velvet beans gave the highest 
significant yields of green manure. In general, the velvet beans 
with lime and phosphorus gave the highest significant yields of 
sweet potatoes and corn. Cowpeas showed a highly significant 
detrimental effect in the yield of sweet potatoes. When the 
green manure was either mulched or plowed under the soil there 
was no significant Aference between the yields of sweet po- 
tatoes and corn. 

The last corn crop at Mayagiiez responded significantly to 
the application of potash and to the application of potash and 
inorganic nitrogen specially when lime and phosphorus were 
added to the checks, but no response was obtained with the 
green manures. No response to potash in the check and green 
manure plots were obtained at Rio Piedras. 
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Resumen 

Se estudio el efecto de cuatro tipos de abono verde sobre los 
rendimientos de una cosecha de batatas y dos de maiz sembra- 
das en dos suelos acidos de Puerto Rico. Tambien se estudio 
dicho efecto cuando se encalo el suelo y se le aplico fosforo asi 
como cuando se dejo el abono verde sobre el terreno o se in- 
corporo al suelo con arado. En la ultima cosecha de maiz tam- 
bien se estudio el efecto de abonar con potasa todos los trata- 
mientos y de abonar con nitrogeno inorganico y potasa las par- 
celas testigos, con o sin cal y fosforo. Los experimentos de 
campo se llevaron a cabo en un suelo Fajardo arcilloso en Rio 
Piedras y en un Catalina arcilloso, f ase plana, en Mayaguez, 
a distancias de 75 millas entre ambas localidades. 

Los abonos verdes usados fueron de cuatro leguminosas: 
habas terciopelo, Stizolohium deeringianum; crotalaria Ci^otala- 
ria striata; frejoles Vigna sinensis y habas sojas Soja max. 

Las leguminosas y las cosechas respondieron significativa- 
mente a la cal y el fosforo. Las habas terciopelo dieron el ren- 
dimiento mas alto de abono verde y cuando se uso cal y fosforo 
dieron los mejores rendimientos de batatas y maiz. El abono 
verde de los frejoles fue detrimental a las batatas. 

No hubo diferencia significativa entre los rendimientos de 
batatas y maiz cuando el abono verde se dejo sobre’ el suelo o 
se incorporo con arado. 

La ultima cosecha de maiz en Mayaguez, respondio signili- 
cativamente a la aplicacion de potasa y de nitrogeno inorganico 
especialmente cuando se ahadio cal y fosforo. No hubo efecto 
favorable cuando se ahadio potasa a los tratamlentos de abono 
verde, en ambos sitios. Tampoco hut^ efecto favorable en Rio 
Piedras cuando se ahadio potasa y nitrogeno inorganico, a las 
parcelas testigos, en la presencia o ausencia de cal y fosforo. 

Conclusion 

Better yields of siveet potatoes and corn are obtained in the 
acid soils of Puerto Rico when lime, phosphorus, and velvet 
beans as a g’xeen manure source, are added. Soils deficient in 
nitrogen and potash require also additional fertilization with 
nitrogen and potash. 
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Conclusion 

Mejores rendimientos de batatas y maiz se obtienen en los 
suelos acidos de Puerto Rico cuando se aplica cal, fosforo y 
abono verde derivado de babas terciopelo. Los suelos que es- 
tan deficientes en nitrogeno y potasio tambien deben de abo- 
narse con nitrogeno y potasa. 

Acknowledgements 

The writers wish to express acknowledgement to Mr. Pablo 
Landrau Jr., (photos 1, 2, 3) who was in charge of the field 
work at Rio Piedras from September 1, 1946 to August 16, 
1947, while Mr, Pedro Tirado Sulsona was taking graduate stu- 
dies in the University of Texas, 

The w^riters wish also to express their appreciation to Mr. 
Alfonso Riera, Soil Chemist, (photo 4) for doing the nitrogen 
determinations presented in table 8, and to Dr. B. G. Capo, As- 
sistant Director for Research and Head Agronomy of the Horti- 
culture Department, for his advice in the statistical interpreta- 
tion of the data. 

LITERATURE CITED 

(1) Bonnet, J. A., Telford, E. A., Mariota, F., and Tirado Sulsona, P. 

Effect of lime and phosphorus on the yield of four leguminGsae in 
two acid soils of Puerto Rico, J, Agric. Univ. P. R. 29 (2) : 47-46, 
1945. 

(2) Wolfe, B. Determination of soluble nutrients in soil and plant ex- 

tracts by means of a photoelectric colorimeter. Ind. Eng. Chem 
Anal. Ed. 15: 248, 1943. 



EFFECT OF LIME-PHOSPHOKUS AND GEEEN MANTTEB 317 







^il 

piSij 

mm. 








V?? , 

•ilSil 


•liBSltliiliiaBSsSllSI*ifi^ 

;• .» .“/ '^--'.'''li’rj ‘M'* • .'ftla 

‘ ,. ■* r - ' -''ii. ■',!; '> ■ ^ 

|ilili®iliSil^^Wl^^^BMISI#iflB 


PHOTO 1.— Com 33 days old, the sixth crop in the rotation grown in Fajardo clay at Eio Piedras without lime and 

phosphorus. 
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from velvet beans, lime and phospborns. 



velvet beans, lime and phospiiorus. 
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PHOTO 5. — Ears of corn harvested at Mayagiies in the sixth crop of the 
rotation. Counting from right to left: 


1. Check 3. 0 hu. per acre 

2. liime-phosphorus 11. 5 hu. per acre 

3. Green manure from velyet beans 10, 8 bu. per acre 

4. Green manure from velvet beans 

with lime and phosphorus 29. 3 hu. per acre 
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